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ABSTRACT 


Iodonium nitrate in chloroform-pyridine at room temper - 
ature undergoes a trans stereospecific electrophilic addition to alkenes 
to form (i) iodoalkyl nitrates , (ii) iodoalkyl pyridinium nitrates, and/or 
(iii) alkenyl pyridinium iodides depending on the substrate. The 
addition is sensitive to steric hindrance effects and anti-Markovnikov 
addition is commonly encountered. In similar additions to conjugated 
dienes 1 ,2-additions in a Markovnikov fashion to form 1:1 adducts of 
the type (ii) are the rule. Jodonium nitrate is unreactive towards 
x, Z-unsaturated carbonyl compounds. Terminal acetylenes give 
alkynyl iodides in fair yield. Phenols and anilines afford aromatic 
substitution products. 

With olefinic alcohols, iodonium nitrate in chloroform- 
pyridine gives (iv) hydroxyiodoalkyl nitrates, (v) hydroxyiodoalkyl 
pyridinium nitrates and/or (vi) five and six-membered cyclic ethers 
where this is structurally possible. Parallel reactions in chloroform- 
sym-collidine give three, four and five-membered cyclic ethers as 
well as products of the type (iv). The trans stereospecific addition 
of iodonium nitrate to cyclohex-2-en-1-ol indicates that the iodonium 
ion is formed cis tothe hydroxy group. The stereochemical directing 
influence of hydroxy group in other cyclic systems has also been 
investigated. Examples of participation by neighboring carboxyl 
group and sulfur are provided. The iodonium nitrate-pyridine complex 
has been isolated as a crystalline solid and shown to undergo a 


stoichiometric and stereospecific addition to(E}4 ,4-dimethylpent-2-ene. 
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The stereochemistry of the additions to alkenes was proven 
by relating the iodoalkyl nitrates to the corresponding epoxides for 
4 ,4-dimethylpent-2-enes and by base catalyzed elimination of hydrogen 
iodide from the iodoalkyl pyridinium nitrates to the vinyl pyridinium 
iodides for but-2-enes. The addition to the less hindered (2}2-deutero- 
styrene is also stereospecific, eliminating the possibility of restricted 
rotation during addition. 

The kinetic studies on the addition of iodonium nitrate were 
performed by following the disappearance of iodonium nitrate by a 
titration method. The reaction is shown to be of second order, first 
order in iodonium nitrate and first order in the olefin. Kinetic evid- 
ence for participation by hydroxy group is presented. The activation 
parameters for the addition of iodonium nitrate to a few olefins and 
olefinic alcohols have been determined. 

The reactions of bromonium nitrate in chloroform-pyridine 
with unsaturated substrates were examined. Although it resembles 
jodonium nitrate in its reactions, certain differences are also found. 
These are explained in terms of the stability of the intermediate 
halonium ions. 

Conjugated dienes, in addition to bromopyridinium salts, 
give 1 ,2-bromonitrates which rearrange to 1,4-bromonitrates. A 
concerted cyclic mechanism is postulated for the above rearrangement. 

Although iodonium nitrate was unreactive towards 3,3 ,3- 
triphenylpropene , bromonium nitrate did react with it to give a 
pyridinium salt which arises as a result of phenyl migration. An 


example of participation by hydroxy group is also presented. 
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The stereochemistry of the additions was shown to be trans 
by performing additions to(Z)and(E)pairs of olefins and confirmed by 
addition to(Z}2-deuterostyrene. 

A series of iodoalkyl pyridinium nitrates and alkenyl 


pyridinium iodides were prepared and shown to possess significant 


anti-diabetic property. 
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CHAPTER I 


Introduction 


The addition of pseudohalogens to unsaturated substrates 
has recently gained in importance through their synthetic and mechan- 
istic investigations. These stereospecific reactions complement the 
methods for the stereospecific introduction of oxygen functions into 
the carbon skeleton, e.g. via opening of epoxides , hydroboration of 
olefins or reduction of ketones, by providing stereospecific routes for 
the introduction of other functional groups, particularly nitrogen 
functions into organic molecules. The growing importance of pseudo- 
halogen addition is clearly revealed by the number of recent publications 


dealing with stereospecific routes for the synthesis of B-iodoazides! 5 


ee Serer Or were e512 
vinyl azides , azirines , aziridines : E-N-(2-iodoalkyl) 
8 
carbamates!@, Z and E-2-aminoalcohols’“ , oxazolidones , 1 ,2- 
1 15216 L756 120 
diamines ”* , aminosugars ‘, azepines , l-azetines ; 


Zia 
fB-iodonitro, vinyl nitro, and mireosiiene ss 4 » chloroketones 


Cones 


N-cyanoimines and N-cyanoaziridines ; Nee anna eninesae ; 
rede ae Stce These studies were also important from physical 
organic stand-point in providing additional evidence for the mechanism 
by which halogens, in general, add to unsaturated substrates. Much 
of the earlier work on the chemistry of pseudohalogens have been 
covered in review articles dealing with nitryl and nitrosyl relies 


nitrosyl chloride28 ; cyanogen“” , cyanogen Bromide: , and thio- 


3 


ey anceenaas Because of the enormous amount of information available 
on their chemistry, we will restrict our discussion mainly to halogen- 


containing pseudohalogens. 
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Pseudohalogens, in general, resemble halogens in their 
behaviour towards olefinic compounds. The reactivity and types of 
reactions undergone by different pseudohalogens vary to some extent, 
although certain similarities may also be seen. 

Cyanogen halides 
: 32-34 : : 

The cyanogen halides can add to olefins at ambient 

temperatures, but require a Lewis acid catalyst. Substitution by 


nee A . : : : Oo : 
nitrile group is a side reaction which predominates above 25 or in 


the absence of a catalyst at elevated temperatures. In the absence of 


CNX, AIC; CHa. CH3 
CH3-CH=CH-CH, 9 —————_____> ror ed 
CS>, CH3NO>, H CN 
O25. 
menCHavegent GN 
C=C 
Has GH, 


| 


CNX CN 
x 


DP IIOMA Vepon Ul 
the catalyst no reaction takes place between cyanogen halides and 
typical unsaturated compounds at ambient temperatures except between 


cyanogen iodide and ¥,5-unsautrated acids, the products being & -iodo- 


35 
pentanolactones, 1 . Under similar conditions cyanogen bromide 
Ze Ze 
H2C—C. ICN H2C—CL 
| OH i Tee | O + HCN 
CH,—CH—CH be oy Cet Or | 
5 ‘ ; CHI 
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gave no reaction. 
The reaction of cyanogen halides with unsaturated compounds 


proceeds by a free-radical mechanism, the CN radical being the 


initial attacking species. Cyanogen iodide is exceptional in its 
CNX 
catalyst | 
x 


behaviour towards ¥,5 -unsaturated acids, because of its greater 
polarizability and thus has sufficient electrophilic character to bring 
about lactonization. Cyanogen bromide, being less easily polarized, 
is unreactive towards such compounds. 
Nitrosyl and nitryl halides 

Another interesting class of pseudohalogens, as far as 
reactivity and mechanism are concerned, is the nitrosyl and nitryl 
halides. Nitrosyl fluoride can be expected to be highly reactive and 
its reactions with fluoroolefins have been Berne aaead ey The addition 

CF,=CF, - OP eae Sar ee CH NO 
[ora GE> 
CECE NO 
yous 

of nitrosyl fluoride or nitryl fluoride to pentafluoroazapropene occurs 


ety, 


rapidly and quantitatively at low temperatures to give N-nitroso’ ’ and 


N -nitrobis(trifluoromethyl)amine © ,2 and 3, respectively. 
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NO,F 2, 


(CF3);N—NO, 
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Reaction of nitrosyl fluoride with cholesteryl acetate provides the 


41 


5«-fluoro-6-(N-nitrosoimino) derivative 4. This result is to be 


NOF 


AcO 


FN 
II 
4 NO? 


contrasted with the reaction of nitrosyl chloride with steroid-2-enes 
and 5-enes, which gave the corresponding chloronitrosteroids in good 
yield. 

Both the direction of addition of nitrosyl fluoride and the 
qualitative order of reactivity of fluoroolefins [(CF3),-C=CF2 > 
Stisy Cr Cr. => CF,—CF> ‘) indicate that initial attack is by the 
anionic portion of the adding reagent, the fluoride ion, to give a 
transition state with carbanionic pHeracter st. The direction of 
addition and order of reactivity are explicable in terms of greatest 
charge delocalization by ''no-bond'" resonance in a carbanion with the 
largest number of $-fluorine atoms. The carbanions can be stabilized 
by contribution from additional degenerate resonance extremes of the 


type, 5a and 5b. The ease of addition of nitrosyl fluoride and nitryl 


@ er eee 
CFz-C-—CF3 ~——— > CF3-C=CF2F —— > 
| CF,—C—CF3 
CF, CF; | 
CF, 
5a 5b 


fluoride to pentafluoroazapropene is similarly explicable in terms of 


the intermediate nitranion. >) 
=) F 
GCPig ghsnGhy <=> Cie arin mGibt <> Fo CF 5—N—CF3 
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Nitrosyl chloride and nitrosyl bromide, which can be 
generated in situ, by the reaction between an alkyl nitrite and hydro- 


chloric and hydrobromic acids respectively‘, readily undergo reaction 


with olefins to give nitrosohalides , which dimerise if fade redacs 


C=C + NOX Pees ea pce 1 BIN eed Ol Ope 4 
iA 


Z 
Azle ebr 
The monomers can usually be recognized also, though these readily 
undergo prototropic change to give the oxime. In nitrosyl halide 


additions to olefins , the nitroso group is often oxidised by nitrosyl 


NO 
NOCI | 
(Gi jpeGe-@ 1GHING ere a (CH3),-C —CH- CH, 
Gl 
CH, 


(CH3).— i C—N-OH 
Cl 
: : 43 yee A 45 
halide to the nitro- group. Similar behaviour has been encountered 
for the addition of nitrosyl chloride to phenylacetylenes, the products 


being X-chloro, $-nitrostyrenes. With unsymmetrically substituted 


olefins , addition of the nitroso- group to the less substituted carbon 


atom is generally observed as illustrated for the reaction between 
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nitrosyl chloride and «-pinene” . 


Cl 


NOC1 mae 


2 


Based on the above considerations , a mechanism involving 


- = 
NO and XxX has been generally assumed for nitrosyl halide additions. 
O 
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he i 
ss _— + z a ’ | 
oe TNO Se SBE CTS = eee 
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Kaplan et AL ae have suggested that nitrosyl chloride ionizes to give 
the nitrosonium ion (NOT) , which adds to an olefin to give a highly 
stabilized onium ion intermediate, ba-c , which should open toa trans 
nitrosochloride. 

Meinwald et AiG have investigated the addition of nitrosyl 
chloride and nitrosyl bromide to norbornene, norbornadiene, endo-5- 
norbornenecarboxylic acid and eeoeealias with a view to elucidating 
the steric course of nitrosyl halide additions. Since the addition 
occurs without rearrangement to norbornene and norbornadiene, and 
no lactonic product is formed from the unsaturated acid, very little 
carbonium ion character is developed in the intermediate. The cis- 


exo- nature of the adduct is established by levulinic acid hydroylsis of 


the adduct. 


NOX 
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Thus the additon of nitrosyl chloride and bromide to a 
number of norbornenes gives cis-exo- adducts even where good 
opportunities for other reaction paths were provided. In contrast, 
addition of nitrosyl chloride to A? -octalin proceeds in the trans- 


fashion, as shown by the following transformations. On 


NO Adam's 
NOCI lle aa 
OS? 

bi Gants A oe ants 

Cl 


Adam's catalyst 
HG); HO , EtOH 


Thus, the steric course of nitrosyl halide addition to 
olefins depends on the olefin structure. A 9_Octalin and most other 
unstrained olefins give a trans- adduct in accord with the ionic reaction 
mechanism. On the other hand norbornene and norbornadiene under- 


go addition by a four-centre concerted mechanism. 


The stereochemical course of nitrosyl chloride addition is 
solvent dependent , as shown by the fact that reaction of nitrosyl 


chloride with cyclohexene gives a trans- adduct in carbon tetrachloride 


Crone 
a tin ef, - - 


and cis- adduct in liquid sulfur dioxmie. 7 


Kinetic evidence for the operation of a polar mechanism for 
the addition of nitrosyl halides has been obtained”, ihe reaction 


followed the simple kinetic form: 


-d [NOC]. 
ae pages No k5 [olefin] [NOC1] 

dt 
The relative rates of reaction in chloroform were shown to be consistent 


St J- 
with the view that the reaction involves electrophilic attack by NO-—Cl. 


Electron releasing methyl and phenyl groups facilitated the reaction and 


electron-withdrawing groups such as chlorine retarded it. On the 
whole, the reaction was faster in polar solvents. Similarly, evidence 
51 


for a cyclic four-centre concerted mechanism has been obtained 
from rate studies for the addition of nitrosyl chloride to linear aliphatic 
and cycloolefins and substituted styrenes. 

In the presence of light, which facilitates the dissociation 
of nitrosyl halides, a free radical mechanism may also be operative; 


52 , that an ionic mechanism is untenable for 


as shown by Parket al. 
the reaction of nitrosyl chloride with fluoroolefins in the presence of 
ferric ions and light. Instances of nitrosyl bromide addition, involv- 
ing the initial break-up of the pseudohalogen to NO,, Bry and N» have 
also been pevdtteaes, 


Addition of nitrosyl chloride to a tetra-substituted olefin 


provides a convenient method for the preparation of aziridine>* Bby: 


the following sequence. Similarly, addition of nitrosyl chloride to 
mm yA NOCI1 NO SnCl, NH, 
Grol puna ts uaili rt a ae | si 
re ~*~ wei. a ae HCl Sahih Cir 
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olefins , followed by levulinic acid hydrolysis of the adduct has been 
generalized as a synthetic route to « -chloroketones““. 

Nitryl chloride can add to olefins and evidence tends 
towards a free radical mechanism, although in aromatic substitution 
reactions, in the presence of Friedel-Crafts catalysts, substitution 
takes place to some extent through NO» — é1 ae Vinyl bromide has 
been shown to give 1-bromo-1-chloro-2-nitroethane, 7, in good yield. 
Although this orientational result is consistent with a heterolytic 

CH,—CHBr rs NO) Sloe ae micee: toca 2N Choa CER BrGl 
Ales 

mechanism, it was shown that the nitro group always appeared in the 
terminal position regardless of the electronic effects of the substituents 
aroundthe double bond. This effect prevails through a series of 
derivatives of acrylic acid, and with an «-methyl group?°. Several 
other examples of nitryl chloride additions have been reported and the 
main products are usually a 1,2-chloronitro adduct and a pseudonitrosite. 
In many cases the reaction is complicated by addition of the elements 
of chlorine, nitrogen sesquioxide or nitrogen dioxide depending upon the 
solvent used and the olefin studied’, Site chic rectaual. ia from their 
studies on the addition of nitryl chloride to methyl acrylate postulated 
a mechanism involving free radicals. Recent reports on the addition 
of nitryl chloride to cero oe and fe eae have also been 


published, which is consistent with the disproportionation of nitryl 


chloride 59 as follows: 
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2 NO2Cl == Ss * NO, + CL 


N20, 9 9 —————————— ~=— NOt +: NO” 
N 04 oo, N203 + oxidation 
Cloiet? N,O4 |—— reg CINO, + NOCI 

Recently , Beper » from his studies on the reaction between 
olefins and nitryl chloride has pointed out that the addition takes place 
by a radical mechanism in slightly polar solvents and by Cl* addition 
in polar nucleophilic solvents. 

The reaction of silver nitrite with iodine is expected to 
lead to INO. This reagent is theoretically capable of dual heterolysis 
to NO,” andI or tol” and NO2. as well as to homolysis into free 
radicals and hence it can function as nitryl iodide or as iodine nitrite 
and either by an ionic pathway or homolytically. The chemistry of 
this reagent has been studied by Hassner et. al. a With 2-cholestene, 
the major product was 2 3 -iodo-3a-nitrocholestane 8. This suggests 
that the pseudohalogen was not reacting as iodine nitrite (INO) ~ut 
instead had behaved as nitryl iodide, which was confirmed by the regio- 
chemistry of its reaction with styrene. 
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The reaction proceeds by a free radical mechanism, the 
nitro radical being the initial attacking species as shown by its reaction 


with methyl acrylate and by the inhibition of the reaction by oxygen. 


AgNO, /1, 
CH,—CH—COOCH, ——————~-_ 0,N- CH, — CH— COOCH 
2 3 2 2 3 
I 
NaOCOCH3 


O,N-~ CH=CH — COOCH3 
Racemization occurs at the benzylic position as shown by 
the reaction of nitryl iodide with cis and trans-stilbenes. The product 


in both cases was a diastereomeric mixture 9, formed through the 


Ph vi 
Me 
H Ph NO, 
| 
NOjI Ph CH-CH—Ph 
H H I 
>< 9 
Ph Ph 


phenyl-stabilized nitroradicals 10a and 10b, which are interconvertible. 
The formation of the nitro radical is non-reversible, because cis- 
stilbene did not isomerize, when an excess of cis-stilbene was treated 


with nitryl iodide. 
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Sulfenyl halides 
The sulfenyl halides easily add across olefinic bonds. 


Several reviews dealing with sulfenyl halide chemistry have been 


SS Pa | | 
R— SX ae C=C Sa ee Ry ee a ee 
a mS 
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The molecule R-S-Cl could in theory react in two distinct 


ways, either as a source of electrophilic sulfur or as a source of 


electrophilic shiorineect Freezing point depression studies®> with 
a v 
RS— Cl or Romeo! 
dam ds c-hedt 


2 ,4-dinitrobenzenesulfenyl chloride in sulfuric acid indicates the 
formation of ArS*t+ion. No evidence was found to suggest that the 
reagent could become a source of positive chlorine. 

The polar addition of sulfenyl chloride to olefins proceeds 
through a thiiranium ion Teer re dintoad , 11, support for which comes 
from the almost exclusive trans-stereospecific addition of sulfenyl 


66-68. 


chloride to cis- and trans-2-butene Strong evidence against a 
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non-rotating open carbonium ion, 12, has recently been supplied by 


the stereospecific uniformity of this addition over a wide temperature 
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range ’. 
The kinetics of the reaction of 2 ,4-dinitrobenzenesulfenyl 


chloride and bromide with styrene and cyclohexene has been investigated 


0,71 
by Kharaschet al. . They found that the reaction is of second 
order. Polar solvents enhanced the rate. A positive salt effect was 
d RSX 


ye eins ti> k [RSX ] [Olefin] 
dt 


also observed. The sum of the kinetic evidence is consistent with the 
development of charge in the rate-determining transition state, but 
does not imply a thiiranium ion intermediate. Convincing evidence 
for a thiiranium ion intermediate has recently been supplied by Brown 
and Hogg /? from an examination of the reaction rates of addition of 
several para-substituted ortho-nitrobenzenesulfenyl chlorides to 
cyclohexene. A rate limiting first step involving a transition state 


closely resembling the thiiranium ion was invoked to explain the sign 


@ o) S—Ar 
+ ArSCl EE sors Gl -so2= 
cl 


and magnitude of the observed ve values. This has been further 
Bepeeantrace das by the considerably lower sensitivity of methane 
sulfenyl chloride additions to the electronic environment of the double 
bond. 

The orientation of addition is nearly exclusively in the 
Markovnikov sense for phenyl substituted les nee a No racemization 
of allylic or benzylic centers is encountered, thus strongly supporting 
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sulfur bridging to the exclusion of contributions from allylic or benzylic 
carbonium ions. Thus conjugated dienes give exclusively the kinetic- 


ally controlled 1 ,2-adducts (4, 


Steric factors play an important role in sulfenyl halide 
additions as shown by the addition to propene, which also gives the 
kinetically controlled anti-Markovnikov adduct 13 in small but signifi- 

ine } 


cant amount 4 


CH3z-CH= CH, + Arscl ———— > CH3-CH —CH> SAr 


3 
| 65% 
Cl 
+- cal aT se CH, Cl 
SAr 15% 
i) 


The stereochemistry of the addition has been well establish- 
66 ,68 : : 

ed . Jt proceeds almost exclusively in the trans-sense, a result 
which has been taken as evidence that the entering sulfur atom is bound 
to both of the olefinic carbon atoms until the reaction is complete. 

Many other sulfenyl halides will behave in a similar way, 
though there have been few mechanistic investigations of their behaviour. 
It is possible /6 that some of these reactions can proceed by free radical 


as well as by ionic mechanisms. Aryl sulfenyl bromides // 


can under 
certain circumstances act as sources of either electrophilic sulfur or 
electrophilic bromine. So with this compound the two opposed modes 
of polarization seem to be more nearly balanced than with the chloride. 
Thiocyanogen halides 


The thiocyanogen halides, can all act as electrophilic 


regents supply the SCN group electrophilically with the positive charge 
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developing most readily on the sulfur atom. Thiocyanogen chloride, 
which can be generated from lead thiocyanate and chlorine ?8 , gives 
with olefins «-chloro-8-thiocyanates in chloroform or toluene under 


79,80. 


heterolytic conditions In acetic acid o-chloro--thiocyanates 


and &«-acetoxy--thiocyanates are the products?! 


THOAS Cl 


The addition is stereospecifically trans, as shown by the 
stereospecific formation of erythro and threo products from trans and 
cis-2-butenes respectively. With symmetrical aryl alkenes, the 


reaction is trans stereoselective. The rate of addition is enhanced by 


polar solvents and electron-donating substituents on the olefinic carbons. 


No addition occurs with olefins containing electron withdrawing 
substituents. 

On the basis of these observations an electrophilic reaction 
mechanism is postulated. The electrophilic reagent adds in a two 


step kinetically controlled reaction, in which the first step is the 


a 
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bey os 
x 
Ker GlhavHOAc 
+ 
addition of the SCN ion. The cyclic sulfonium ion can undergo opening 


from the back side, which explains the observed trans stereochemistry. 
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The non-stereospecific Markovnikov addition to olefins with «-aryl 


substituents indicates the formation of the open carbonium ion, 14; 


~—’ 


SCN 
+ | 
| 
Ar 
14 
due to the greater stabilizing effect of the substituent. In acetic acid 


solvent, the sulfonium ion intermediate can be in the form of an ion 


pair, 15, which is appropriate for weakly dissociating solvents such as 


CN 
| 
Sy 
or ee nen Cis 
nN 
he) 
acetic acid. The stability of the sulfonium ion is attributed to delocali- 


zation of the positive charge as shown below: 


N N 
C=N iN I 
| CG C) 
Piri 2S; S 
N+ N 
C {ul 
T ¢ 
Se 356 


The stereoselectivity observed in the addition of thiocyanogen chloride 
to symmetrical &«-aryl alkenes has been explained as due to steric 
control of the reaction by the thiocyanato group of the carbonium ion. 
There has not been much work done on the addition of iodine 
83 ,84 


thiocyanate to unsaturated compounds. Raby has shown that 


iodine thiocyanate prepared by the reaction of equimolar quantities of 
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thiocyanogen and iodine, can add to ethylenic double bonds. Acyclic 
and cyclic monoethylenic and non-conjugated diethylenic compounds 
add iodine thiocyanate normally. Conjugated dienes form only mono 
addition products. Electron withdrawing groups, as well as aromatic 
residues on both carbon atoms, either reduce the reaction rate or even 
inhibit it. With acetylenic compounds unstable mono addition products 
are formed coe The reaction has been explained by ionization as well 
as dissociation of the iodine thiocyanate molecule. Recently, 
ISGNY Seeceraaes tis Chri xheids | 
Aen C Naa ee (SCN), = iy 

Collin etidal: a has obtained kinetic evidence for the electrophilic 
nature of the addition of iodine thiocyanate to olefins. 

Addition of iodine thiocyanate, followed by basic hydrolysis 
of the /4 -iodothiocyanates , has been developed as a route to episulfides 
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from cyclic olefins 


i) 
micCNas. Dea 
Sew | CHsOH 30H 


Chiorine acetate 


Chlorine acetate , prepared by the reaction between 


mercuric acetate and chlorine in anhydrous acetic acid adds to olefinic 


double bonds to provide acetoxy chlorides®°. Inclusion of sufficient 
ClOAc Cl 
AcOH OAc 


amount of water in the reaction medium gives the corresponding 


86 5 : 
chlorohydrins also. Dela Mareet. al. have investigated the 
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addition of chlorine acetate to cyclohexene, phenanthrene, acenaph- 
thylene and a series of cis and trans para substituted methyl cinna- 
mates to gain information on the stereochemistry and mechanism of 
addition of this reagent. With substituted methyl cinnamates, the 
addition is in the Markovnikov sense, and the products of reverse 
orientation are formed in less than 5% yield. For both cis and trans 
isomers, the erythro product is favored, except for methyl para- 
nitro-cis-cinnamate. The products isolated are all formed under 
kinetic control, and no cis-trans isomerization of olefins takes place 
under the reaction conditions. Cyclohexene with chlorine acetate in 
acetic acid gives only trans-1-acetoxy-2-chlorocyclohexane, whereas 
acenaphthylene and phenanthrene give products of both cis and trans 
additions. 

On the basis of their observations , they proposed a reaction 
path as shown in Scheme _ 1, and the results are explained in terms of 
the following pathways for the formation of acetoxy chlorides. 

1. Cyclohexene adopts the path via the bridged intermediate 16 to the 


product of trans addition. 2. Acenaphthylene and phenanthrene 


require the opening of the bridge, thus giving the intermediate 17 

(open ion) to allow for the formation of both cis and trans acetoxy 
chlorides. 3. Methyl trans and cis cinnamates also require convers- 
ion of the intermediate 1¢ into its conformational isomer, so that 
erythro and threo acetoxy chlorides can be obtained from the two 
isomers in similar proportions. 4. Because of the greater importance 
of bridging in the intermediate derived from methyl para-nitro-trans- 


cinnamate, this compound makes rather greater use of reaction directly 


from the bridged ion 16. 5. Termolecular pathways using a component 
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of the solvent as the nucleophile are possibly involved, particularly in 
the formation of chlorohydrins from relatively reactive olefins. 
N ,N-Dichlorourethan (DCU) 

A pseudohalogen of considerable versatility is N,N-dichloro- 


urethan (DCU) prepared in good yield by reaction of chlorine with 


urethan in buffered aqueous pelicionsl. It is a highly reactive pseudo- 
halogen in adding to double yee! a DCU adds to many unsaturated 
O Cla@ 
[| NaOAc | 
H,N- C— OC ?Hs5 ie Ws Cl> a mae; C1—N-C—OC,Hs + 2 HCl 
HOAc 


compounds to give N-chloro adducts, which are converted into /- 


chlorocarbamates by washing with aqueous sodium bisulfite solution. 


O 
CH=CH, Inert Ci Cie ~OC,Hs 
roe Gee | | 
solvents Gl Cl 
aq. NaHSO, 


The reaction proceeds well with other terminal olefins , vinyl monomers 
and cyclic aivettras? eo? ; 

With terminal olefins and vinyl monomers, addition pro- 
ceeds in an anti-Markovnikov fashion. With internal olefins allylic 
chlorination competes with double bond addition and mixtures of 
threo and erythro adducts are obtained from cis and trans olefins in 


approximately equimolar amounts. With cyclohexene, several 


products are obtained in addition to the chlorocarbamate. Norbornene 
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1, DCU Cl Cl 
ee) See 
oe 
2. NaHSO, - 
“NHCO,C2Hs NHCO,C,H, 
37% 6% 
‘on | 
O 
me + I 
+ C2H,OCNH, 


28% 5% 4% 
gives 3-chloronortricyclene as the major product by homoallylic attack 
along with other addition products. 

Addition of N ,N-dichlorourethan to olefins is greatly 
affected by electronic and steric factors. Electron-withdrawing 
groups slow down the addition reaction, while extensive electron 
withdrawal completely arrests it. 

The reaction has numerous characteristics of a free 
radical chain reaction. An induction period is observed followed by 
rapid exothermic reaction. Light causes a rate enhancement and free 
radical inhibitors slow it down. The addition is in the anti-Markovni- 
kov fashion and is non-stereospecific. These and other factors 
mentioned earlier are consistent with a chain mechanism as illustrated 
in Scheme 2. The non-stereospecific nature of products from cyclo- 
hexene, trans- stilbene and trans-3-hexene results from free rotation 
of the intermediate radical before termination. Allylic attack occurs 
with internal olefins because the radicals formed in the initiation step 
have the option of adding either to the double bond or of abstracting a 
hydrogen atom to form a stable allylic radical, which then propagates 


the chain. 
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O C1 O 
| TS (er 
C12N- C-OC,H, eth anal eG SOC, HE + Cl- (Initiation) 
h 
C1 O 
he] a. wg nak 


N= OG He + C=C ge eas ea eet, hres 
Zz Pa MS Wn. ° 


Cl 
fe C a x 
ane vs 
fae ee + DCU ——>c—c 
N—C—OC,H, tie telidic? 
| Glo N=] G— OC jH, 
Cl | 
Gl 
(Propagation) 
Cin 
acai Raga 
N-C —OC,H, 
Scheme 2 
/3-Chlorocarbamates are useful intermediates for the 
synthesis of 5-alkyl oxazolidones and aziridines!!, (Scheme 3) 
O 
LE DGU 
R— CH=CH, ee ee R—- CH—CH,—NH-C- OC5H, 
2% NaHSO, 
Cl 
La 
TAS Base 
150-200° 
R=7CHe— CH, R= ChHi-7GH 
Zz 
| | VA 
O NH 
Noe H 
I| 
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Halogen isocyanates 


The addition of iodine isocyanate to unsaturated substrates 


has been extensively studied in recent years both synthetically and 


ae 


ery Ree ; 
t 0 Soa: 10 Tied - | A 


mechanistically. Although bromine isocyanate and chlorine isocyanate 


can be obtained only as polymeric aren iaiee a , elements of both have 


been added to olefins), Iodine isocyanate, which can be generated in 


solution from iodine and silver cyanate?° , can add to olefins to afford 


3-iodoisocyanates. This reaction has been successfully utilized in 
C=C 
| 
I NCO 


recent years’ Se eee eG , after the initial investigation by 


Birkenbach and sane It has been demonstrated that the 
additions generally occur in a stereospecific manner and that the iodine 
and isocyanate functions are introduced trans to each other and diaxially 
in rigid fused Eeeieeates These results have been interpreted as 
the formation of a three-membered ring iodonium ion intermediate 


which was opened from the back side by isocyanate ion?* and which for 


aryl substituted olefins can adopt the unsymmetrically bridged form 18. 


3 Pegi icayeeail 
ton 
18 


Thus cis and trans 2-butenes give threo and erythro iodo-isocyanate 


adducts respectively. The stereospecific trans addition and the 
INCO 
Ch CH-—_CH CH ease eee 6CH. CH — CH Ci 
| ) 3 ) 3 
cis and trans I NCO 


threo, erythro 
non-involvement of a benzylic carbonium ion in the case of unsym- 


metrical arenes were proven by addition of iodine isocyanate to 
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B-deuterostyrene?° 
lr. “INGO Base 
CeHeCH GG ED 2 ee eeeeeneremes rranecc a C,H=CH— CHDI —————=>- 
(are es On Oh | 
(1% cis; 29% trans NH COOCH, 
CoH, D CoH, H 
H~ \ / o. 1 H D 
N N 
H H 
71% 29% 


The addition of iodine isocyanate to styrene is not only 
stereospecific (trans), but also regiospecific (NCO-phenyl). But one 
can visualize cases in which the nature of the R group in 19, would 

Va 
Ho Gta eer K 
ig 
influence the regiochemistry of INCO additions in a different sense. 
Thus ]1-hexene reacts with iodine isocyanate to give a 70:30 mixture of 
secondary and primary isocyanates. Tert.-butylethylene gives the 
primary isocyanate as the exclusive product, indicating the steric 
requirements for the attack of isocyanate anion. Absence of participa- 
tion by a neighboring hydroxy-group is shown by the addition of iodine 
isocyanate to 3-hydroxy-3-methyl-butene. These results show that 
H 
OH OH O+ 
| INCO | 


/ 
c-c-c=c —— > c-c-—c-c <> c-c-Cc-C 
| eae | | 
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the addition of iodine isocyanate can be influenced greatly by steric 
factors and that no free carbonium ion is formed in these systems 
which would lead to skeletal rearrangements or hydroxy participation. 
Addition of iodine isocyanate to norbornene, «-pinene and 
norbornadiene gives complex mixtures of products, in agreement with 
the tendency of these systems to undergo rearrangement upon the 
addition of electrophilic reagents. Methylene norbornene also gives 


a rearranged product. 


il 
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CH,NCO 


Iodine isocyanate readily adds to di- and triolefins to give 


mono addition products /?, Conjugated unsaturated carbonyl compounds 


““NCO 


are recovered unchanged upon exposure to INCO, as are stilbene and 
diphenyl acetylene. Thus conjugated electronwithdrawing groups 
deactivate the double bond sufficiently to prevent electrophilic addition 
to these olefins. On the other hand INCO can add readily to conjugated 
dienes , monosubstituted acetylenes and eres 

These studies suggest that iodine isocyanate is an electro- 


ot 599 ae 


Dislic reapent a eslne investigations of Gebelein and Swern 
of Gebelein, Rosen and pe et AM on the relative rates of addition of 
INCO to unsaturated compounds of widely varying structure and nucleo- 
philicity confirm that conclusion. Electron donating alkyl groups 


attached to the double bond accelerate the rate of addition, while electron 


withdrawing carbonyl, chlorine and ester groups markedly retard it. 
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These results are in agreement with the expected stabilizing or 
destabilizing effect of substituents on the positive charge in an inter- 
mediate iodonium ion. 

/ -lodoisocyanates are highly reactive and useful inter - 
mediates in the preparation of 4-iodocarbamates , f-iodoureas and 


B-iodoamine hydrochlorides by reaction with alcohols , ammonia or 


hydrochloric acid Penner ticles PES 
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Halogen azides 

The halogen azides, viz iodine azide, bromine azide and 
chlorine azide, represent a group of pseudohalogens which are 
chemically versatile and have wider synthetic scope. Iodine azide is 
the most important among them. Their chemistry has been largely 
: , 1,2,103-109 
investigated by Hassner and co-workers : 
Iodine azide, generated in situ, by the reaction between 


sodium azide and iodine monochloride readily adds to olefins to provide 


B-iodoazides. 
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The addition of iodine azide is highly stereospecific. Thus 
cis and trans-2-butenes give threo and erythro $-iodoazides respect- 


ively , the configuration of which have been determined by base-catalyzed 
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elimination of hydrogen iodide to the corresponding vinyl azides! 
Similarly addition of iodine azide to cis and trans-stilbenes is 
stereospecifically trans. With terminal olefins, the orientation of 
addition is in the Markovnikov sense with the azide occupying the 
internal position. 

These data are consistent with an electrophilic addition, 
involving the intervention of a cyclic iodonium ion, which is opened up 
from the backside by azide ion to give the observed stereochemistry. 

I I I J 
LE es MGs pare aealewi\= poh A» 
The fact that the observed trans stereochemistry is not due 
to restricted rotation in the intermediate carbonium ion in the case of 
aryl substituted olefins was Lagu een by addition of iodine azide to 


cis-8-deuterostyrene. This also proves the non-intervention of 
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benzylic cations inthe addition of iodine azide to aryl substituted 
olefins. Additional evidence for trans addition is provided by the 
stereospecific reduction of threo and erythro f-iodoazides , obtained 


from cis and trans olefins respectively, to cis and trans aziridines 
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Like other pseudohalogens, addition of iodine azide is 
influenced by steric factors. Thus tert.-butylethylene gives the 
primary azide, which arises by opening of the iodonium ion at the 
sterically favorable, but electronically unfavorable primary position 

Addition of iodine azide also leads to rearrangement in 
those systems, where this is structurally possible. Thus methylene- 
norbornene and benzonorbornadiene lead to rearranged products in 


106,107 
almost quantitative yield . Unlike t-butylethylene, in which no 


maar ch 
CO = Coe 


rearrangement is observed, tritylethylene reacts with iodine azide to 
give a product, which arises by phenyl migration. This is due to the 
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release of steric overcrowding as well as to the superior ability of the 


phenyl group to participate in the stabilization of a neighboring charge. 


Unlike iodine isocyanate, iodine azide is reactive towards 


«,/3-unsaturated ketones and esters and disubstituted fect cree ai”: 

I 
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C,H=CH —CHCOR SaaS Ss ecw rang C,HecH — CH COR 
Ne 
Bromine azide and chlorine azide differ from iodine azide 
in that they are capable of free radical behaviour towards olefins, 
since the electronegativity of chlorine and bromine is higher than that 
of iodine and probably also higher than that of N3 Padical. Bromine 


azide is capable of reacting by a dual mechanism depending upon the 


polarity of the solvent and/or the presence of light and oxygen 


In nitromethane, the product formed was from ionic electrophilic attack 


of BrN, on the olefin, whereas in pentane even in the absence of free 
radical inhibitors the reaction proceeded through attack of N3 on the 
double bond to give exclusively the opposite regioisomer. Using 


C 


65 ty Nits Ch = CyHECHCH,Br 


+ | 
Br N3 


ionic nitromethane 


C,H,—CH=CH, + BrN3 


radical pentane 


C,HgCH—CH2N, —> gore Sian : 
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solvents of intermediate polarity variable mixtures of regioisomers 
were obtained. 

The free radical addition of BrN, to olefins is non-stereo- 
specific. Thus cyclohexene gives a mixture of cis and trans adducts. 


The ionic addition occurs stereospecifically trans with alkyl substituted 


olefins. But with cis-f-deuterostyrene a mixture of products was 
obtained. 
He i) 3 eres 
“Se ces cgHigericups: chi oN pea 
N "3 ‘i 
3 

Triphenylpropene, with BrN, ; gives products of phenyl 
migration under ionic conditions and a non-rearranged product under 
free radical pond eee 

Ph 
CH3NO, | 
Ph3C — CH —CH, - BrNg tea wen yO Ol Ci Dr. 
ionic | 
N3 
pentane — Ph 
| 
peroxide + Ph,C =C- CH,Br 
BrN, 
Ph,°C —CH —CHN, Seesier acer or er io. Pecaitting abate: 
Br 


These results indicate that a three membered ring 
bromonium ion is stable when flanked by alkyl groups, but that even 
one phenyl substituent is sufficient to cause equibration to a benzyl 


cation. 
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Chlorine azide, as expected, adds to olefins primarily as 
O05; 110 


a free radical reagent providing a source of N, radicals ae nits 


3 


in pentane or methylene chloride, even in the presence of air, styrene 
furnishes the free radical addition product. In nitromethane, in the 
presence of oxygen the free radical product was still formed in 17% 
yield. In the presence of fuming sulfuric acid the ionic addition is the 
only pathway. 

C.HE Gi — CH,N 


pentane Gl 
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C HECH = CH, a CIN, 


CH3NO, H,SO4-SO, 


Oa age ~ CH2C1 


ae 


The addition of halogen azides to olefins provides a useful 
method for the stereospecific and regiospecific introduction of an 
azide function into organic molecules. The resulting §/-haloalkyl 
azides are useful intermediates for the preparation of a number of 
nitrogen containing organic compounds. 

Treatment of the /-haloazides with potassium t-butoxide 


or diazabicyclooctane (DABCO) in ether gives the vinyl azides“~°, 


5 


which can be photolysed to the l-azirines The vinyl azide can 
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be photolysed in methanol in the presence of sodium methoxide to afford 


aminoketone dimethyl] ketal, which can be hydrolysed directly to the 
6 


aminoketone hydrochloride with aqueous hydrochloric acid . 


Ph CH. Ph 
+ ma 
H NH, Cl 


The B-haloazides can be reduced with a variety of reducing 


agents to the aziridines®, The P-haloazides are also useful inter - 
H 
N3 N 
| LAH 
R—CH~CH,I pre eres R—CH— CH, 
+ » 
ooo N, GH, H, Cl 
1B oHy 3 
| fap, rc elen cal o NaOH 
ii om I HH GH a Ew 
Ome H C6H. 


mediates forthe synthesis of several other N-heterocycles. 

In addition to those discussed above, there are a number of 
other pseudohalogens which have been studied? +? Brier mention of 
the chemistry of some of the most important ones may be made at this 
point. 

N ,N-Difluorocarbamates 
The alkyl N ,N-difluorocarbamates , which can be prepared 


by the reaction of fluorine with alkyl carbamates in a suitable solvent 


readily add to olefins (cyclohexene, cyclopentene, methyl acrylate) and 
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thus permit ready and controlled introduction of fluorine into hydrocarbons. 
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N-Monochlorourethan (MCU) 

N-Monochlorourethan (MCU) does not add to double bonds 
under the usual reaction conditions, although it has a highly reactive 
positive halogen. However, in the presence of ultraviolet light, it 
adds readily to unsaturated! +? indé compounds to give #-chlorocar - 
bamates in high yields. Terminal olefins preferentially give anti- 
Markovnikov products. An interesting feature of MCU addition is 
that cyclic olefins give both cis and trans addition products with the 
former predominating. The cyclohexene adduct, for example, has 
a cis:trans ratio of 7, whereas the corresponding addition of DCU gives 


aucis:trans ratio of faboutel:8* 


MCU oe cis:trans 7:1 
y) trans 
i] NHCO,C, 
iL, ABV GRE) Cl 


Cis trans ulcs 
2. Reduction <a 


ee 


‘NHCO,C>H, 


N ,N-Dihaloarylsulfonamides 


Addition of N ,N-dihaloarylsulfonamides to unsaturated 


substrates gives mainly trans addition. +7. It is not yet known with 


certainity whether the addition reaction proceeds by a free radical or 


ionic mechanism. 


pr 


1°: ee 2b ae eee 


2. Reduction NHSO, Ar 
Some evidence for the ionic addition of N ,N-dichloroaryl- 
116 
sulfonamides to olefins has been reported but they can apparently 


add either by a free ite dite ihe or ionic mechanism depending upon the 


reaction conditions. 
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The addition of N ,N-dichloroarylsulfonamides to simple 
olefins is predominantly anti-Markovnikov, which is consistent with a 


free radical mechanicm ues 


It is possible that small quantities of 
Markovnikov products are being formed via a competing ionic mechanism. 
Conjugated dienes give predominantly 1,4 addition. The reaction is 
strongly inhibited by oxygen indicating a free radical mechanism. 
N ,N-Dichloro-N' ,N'-dimethylsulfamide 

This pseudohalogen, prepared by the reaction of N,N- 
dimethylsulfamide with sodium hypochlorite! ty , reacts exothermically 
with phenyl ethylenes in chloroform to give free radical addition pro- 


ducts which can be reduced to the corresponding N -(f-chloroethyl) 


N ,N'-dimethylsulfamides. 


NaOCl 1. RR'C=CHR® 
0 2. NaHSO, 


eek 
hey o| 
Gis NH 
| 
SO,N(CH3)> 
Dialkyl-N-chloroamines 
The addition of N-alkyl-N-chloramines to 1 ,3-dienes, 
terminal olefins, vinyl and alkyl compounds and their unsaturated 
systems, in sulfuric-acetic acid media with or without u.v. illumin- 
: ZO tee! : : 
ation has been studied by Neale . these facile free radical 
chain reactions all involve an addition of the aminium radical, R»NH ; 
to a carbon-carbon multiple bond as the key step to afford 1:1 adducts. 


Addition, not hydrogen abstraction, is characteristic of aminium 


radical reactions. Some examples are given below: 
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~ hy 
Bu,NCl + CH,=CH:-CHyCH, ——> Be NC Hiat anGhiG™ (12%) 


Cl 
4M H S04 
Bu2NCl + CH,—- CH- CH —CH, ae EE T= Fare Bu,NCH2CH — CHCH,Cl 
CH,COOH 
N>, 10° (60%) 
H,S04 
== nee 
Et,NCl ns (CH3),C CH, N.R. 
A suggested reaction pathway is the following: 
api ‘e aN a $3) TG Fes 
NH CcC—C Pais dae caro Na OG, 
2 Ze ~ Ailend aia 
H 
+ | | + + | j o + 
RANe GC — G-INean he Clay cee REN GC Clad. RNH 
gles) “A 4 Veal pris - 
H H H 
Thus the above survey clearly indicates significant 
differences in reactivity and the types of reactions undergone by 
different pseudohalogens. Differences in the mechanism of addition 


are also apparent among various pseudohalogens- Usually assignment 
of mechanistic pathway is complicated by the sensitivity of the regio- 
chemistry of ionic additions of pseudohalogens to both electronic and 
152 

steric factors 

The halogen nitrates have been known for a long time 
both as pure pseudohalogens and as complexes with pyridine and quino- 
line. Iodine nitrate and bromine nitrate were prepared by the reaction 
of iodine or bromine with silver nitrate in absolute methanol or 

122-126 ee ae 

ethanol . The iodine nitrate (INO3) was usually in equilibrium 
with iodine trinitrate (I(NO,)3). Other methods used to generate 
iodine and bromine nitrates included reaction of iodine with bromine 


L213 Les 
trinitrate and reaction of chlorine nitrate with I(NO3)3 or 
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INO, -I(NO3), mixture or BrCl in CFCl, at low temperatures !*?, 
-50° 


a 
Br(NO,), ow ie BrNOZ 2 INO, 


CINO, + I(NO,), > _INO, 


Chlorine nitrate on the other hand is prepared by the reaction of 


SST O) ea 
dinitrogen pentoxide with chlorine oxide (C1,0) in the molten state : 


All the three halogen nitrates form complexes of the type, xPy,NO 


3 ? 
; Peer cio en) lo 
with pyridine . Lhe methods for iodine nitrate and bromine 


nitrate were not satisfactory since they can easily decompose in 


1'25b 
alcohol : 


Ope Ota 1 OCH ate NG. 
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The only reports on the addition of these pseudohalogens to 


5 


unsaturated substrates , which appeared in the literature, are reaction 
133 

of iodine nitrate (INO 3) with cyclohexene to give the iodoalkyl nitrate 

and the reaction of chlorine nitrate (CINO3) with olefins in CFCl, to 


3 
give chloroalkyl Sehmategee oO It was found that the NO, group always 
entered at the more positive carbon atom. 

CH,—CH — CHO a 2 2 
Cl 
PhCH —CH, Sang ee Freee iene aad eh Clg ak 08 | 


| 
ONO, 


oCl 
The chemistry of these pseudohalogens as complexes with 
pyridine has not been reported until recently. It was shown that 
iodonium nitrate (I° Py,-NO3) can be easily generated by the reaction 
of iodine monochloride with silver nitrate in chloroform-pyridine, 
and that it readily undergoes addition to alkenes to form (i) iodoalkyl 


nitrates , (ii) iodoalkyl pyridinium nitrates or (iii) alkenyl pyridinium 
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ipa ; 1547135 : rae 
iodides depending on the substrate . With certain olefinic 
alcohols iodonium nitrate affords (iv) hydroxy-iodoalkyl nitrates and 


(v) hydroxy iodoalkyl pyridinium nitrates!3©, 


Parallel reactions in 
chloroform-sym-collidine gave three, four and five membered cyclic 
ethers as well as products of the type (iv) signifying neighboring 
hydroxy participation in contrast to the known chemistry of iodine 

: 96 eae ee LOD : ei: 

isocyanate and iodine azide and differing in scope from the 


additions of iodine to unsaturated alcohols! 37, 


Iodonium nitrate in 
chloroform-pyridine adds to cyclohex-2-en-1-ol in a stereospecific 
trans fashion in which the iodonium ion is formed cis to the hydroxyl 
proup. The additions of pseudohalogens in general are quite 
Sensitive to steric hindrance effects) pDoithis result signified some 
compensating interaction between iodine and hydroxyl which was 
controlling the stereochemistry. This is potentially useful for the 
Stereospecilic, control o: the introduction of the aziridine moiety into 
Mytomycin analogs | 

The scope of these and other reactions and the reactivity 
of iodonium nitrate were sufficiently different from those of other 
pseudohalogens to warrant further study. In view of the differences 
in reactivity and even gross mechanism noted above amongst other 
pseudohalogens, it was necessary to undertake an extensive physical 
organic study. 

Hassner has observed significant differences in reactivity 
and mechanism for the addition of halogen azides to unsaturated 
qruruseee Pre Nhe So it was necessary to examine the chemistry 


of bromonium nitrate additions to establish possible similarities or 


differences between the two pseudohalogens. 
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Vinyl pyridinium salts have been known to have significant 
tae bagel SE) : : 
anthelmintic activity 2 Therefore it was of interest to us to prepare 


a series of iodoalkyl pyridinium nitrates and alkenyl pyridinium iodides 


for biological evaluation. 
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CHAPTER II 


Reactions of Iodonium Nitrate with Unsaturated Hydrocarbons, 


a, -Unsaturated Carbonyl Compounds, Phenols and Anilines. 


Reactions with Acyclic Terminal Alkenes. 
Reaction of simple alkenes with iodonium nitrate gave 


products of the type shown in equation (1). However, only in the case 


. / i CHCl, 
0) Cin tel 2 Py) NO, a 
/ \ pyridine 
yp 
Fae ae Nall 
/ | WS 71) OS 
I ONO, I 


of l-hexene were the adducts predicted from considerations of carbonium 
ion stability (i.e. corresponding to Markovnikov addition) , the products 
being 1-iodo-2-hexyl nitrate 20 (41%) and N(1-iodo-2-hexyl)pyridinium 
nitrate 21 (42%). The structures of this and other iodonitrate esters 


ae ei C2 =i GHP GL aaa CHa cline 


ONO, ie 
a NO_ 
20 | 3 
~ —— 
@ 


were confirmed by zinc-copper couple reduction followed by treatment 


of the resulting iodohydrin with lithium aluminum hydride (equation 2). 


\ / Zn/Cu \ LAH Gi ye 

[2] (Oe CG iaeeG iwi KO Ue Cale G 
Val |\ CH,COOH S| |\ Ether i \\ 
I ONO, ] OH OH 


Steric factors appear to play an important role directing 


the approach of the nitrate ion and pyridine to the initially formed 


40 


41 


iodonium ion in the case of 3 ,4-dimethyl-1-hexene and 3 ,3-dimethyl- 
l1-butene, the former giving a mixture of 70% Markovnikov and 30% 
anti-Markovnikov addition products. In the case of 3 ,3-dimethyl-1- 
butene steric hindrance by the tert. -butyl group to the approach of the 
nucleophile is the overriding factor, the products being the iodonitrate 


ester 22 (26%) and the pyridinium salt 23 (49%) with the nitrate group 


oe ‘ NO, 


(Gi3)36— CH ~CH,ONO, (CH3),C— Cy 
I I 
B22 23 


and pyridine respectively at the primary position, as clearly demon- 
strated by the n.m.r. spectra. 

In the assignment of structures to these and similar 
products by n.m.r. spectrsocopy, it was observed that methine protons 
alpha to an ONO, group absorb in ne range 4.8-5.48, whereas methine 
protons alpha to an iodo function absorb in the range 4. EMU 
Fowler et al. have shown that methylene protons alpha to aniodo 
function absorb at 3.0-3. Sib - In the work described here, methylene 
hydrogens alpha to an iodo group absorbed close to 3.56. For example, 
the n.m.r. spectrum of 1-iodo-2-hexyl nitrate showed + (oneney 0.7- 
bee (m, 9H, CH, 3-CH,-), 3.35 (d, 2H, -CH I), and 4.9 (m, 1H, 
-CH-ONO,). The methylene protons alpha to a nitrate group absorb 
at around 4.8-5.0§& and those alpha to a pyridine at around 5.05. The 
presence of apyridine ring on the «-carbon has a profound influence on 
the iodomethine hydrogen absorption. The hydrogen is so deshielded 
that usually the absorptions overlap. Thus then.m.r. spectrum of 22 


showed absorptions at §& Ps15(s, 9Hy"-C(CH3)3), 4°17 


(CDCl3) 
(m, 1H, -CH-I), 4.8(m, 2H, -CH»-ONO>) and that of 23 showed 
j2 2 phe 
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Spms [(CD3),SO]: 1.22(1s, 9H, -C(CH3)3) (ae G Oo AIN, (SF. ~GH-L, 
-CH, NZ ), 8.1-9.3 (m, 5H, pyridine hydrogens). 
Reactions with Acyclic Non-terminal Alkenes. 

(Z)-2-Pentene afforded a mixture of 3-iodo-2-pentyl and 2- 
iodo-3-pentyl nitrates 24 and 25 in a ratio of 70:30 as shown by the 
n.m.r. spectrum corresponding to a preferential attack by the nitrate 


ion at the less hindered carbon of the iodonium ion intermediate. It also 


CH3 
CH,CH, ONO2 GHe Chose 
I H 
H O,NO H 
Cy z 25 


od 


gave the corresponding iodopyridinium salts 26 and 27 in approximately 
the same ratio. (For structural proof of the above iodopyridinium nitr- 


ates and for more additions to (Z) and (E) pairs of olefins, see Chapter 


CH,CH les ae 
CH,CH 
+ H 
YN H 
NO27 
a 3 
27 


IV). The assignments in the n.m.r. spectra were made on the basis 
of the empirical chemical shift observations mentioned earlier. 
Addition of iodonium nitrate in chloroform-pyridine to 
olefins in which at least one of the olefinic carbon is disubstituted, 
provides the iodopyridinium salts often to the complete exclusion of 
other isolable products. Thus 2-methyl-2-butene gave N[2-(2-methyl- 
3-iodo)butyl ] pyridinium nitrate 28 in 75% yield and 2 ,3-dimethyl-2- 
butene gave the analogous iodopyridinium nitrate 29 in 47% yield. The 
chemical shifts of methyl groups alpha to the pyridinium and iodine 
groups are very similar. In the case of 29, for example, the start- 


ing olefin presented sharp signal inthe n.m.r. spectrum at 61.6. 
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CH;— CH—C-— CH, Asien Ge-eCH 
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The iodopyridinium nitrate 29 on the other hand showed two sharp 
signals at 52.08 and 2.05. 

In the case of ethyl vinyl ether, another example in which 
the carbonium ion involved is considerably stabilized, the pyridine 
competes successfully with the nitrate ion for the iodonium ion 
giving N-[ 1-(1-ethoxy-2-iodo)ethyl ] pyridinium nitrate 30 as the 
exclusive product. 

C,H,O- CHE CH! 
nt 


= | NO; 


30 


Reactions with Cyclic Monounsaturated Compounds. 

Addition of iodonium nitrate to cyclic olefins allows a 
preliminary examination of the stereochemistry of the reaction, which 
was however more conveniently studied with acyclic eierins (vide infra). 
Cyclohexene gave two products. The iodoalkyl nitrate 31, obtained 
in 60% yield, showed the following significant absorptions inthe n.m.r. 


spectrum. 6&6 CDC1,): 4,17(m,1H, -CH-I, Jy 2a” Hz, I 34° 


TMS ( 


9Hz, J =5 Hz Sea Ws) ( ee -CH-ONO>, J] 2710 Hz, J1 ,6a= 


2,3e 
S-Hz, Jy hewn Hz), which shows a trans stereospecific addition leading 


to a trans diequatorial conformation 31. Closely related electrophilic 
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additions to alkenes have been demonstrated to be trans stereo- 


Lee! 


specific This conformation was insensitive to changes in the 


polarity of the solvent (CDCl, , CCly, CH, : CD3CN). In this 


| i 
; ONO, pet aes 
I NO,” 


31 32 
reaction the corresponding iodopyridinium nitrate 32 was obtained in 
40% yield, the n.m.r. spectrum of which showed SamelCP3)280]:4.9 
(m, 2H, -CH-1, _CH-NZ), 2.5(m, 2H, -CH,CH-I, -CH) -CH-N&), 
2.1{m, 4H, 2-CH>-). The signals corresponding to the pyridinium 
ring appeared at 68.35, 8.8 and 9.35 as three multiplets integrating 
gnethesratio of 2:1:2. 

The reaction of cyclopentene with iodonium nitrate gave 
2-iodocyclopentyl nitrate 33 in 53% yield and N -(2-iodocyclopentyl) - 


pyridinium nitrate 34 in 9% yield. Cycloheptene and cyclooctene 


34. 53 


— — 


reacted similarly. Cycloheptene produced 2-iodocycloheptyl nitrate 


35 in 68% yield and the corresponding iodopyridinium nitrate 36 in 
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11.5% yield. Cyclooctene afforded 2-iodocyclooctyl nitrate 37 in 79% 


yield and N-(2-iodocyclooctyl)pyridinium nitrate 38 in 5.5% yield. 


=f 38 

Inetheraboveshreercases it 1s to besnoted that the yield of 
the iodopyridinium nitrates is considerably less than in the case of 
eyclohexene. This may be attributed to the increased steric hindrance 
Forselierapproacimorthne nucleophilic pyridine to the intermediate 
iodonium ion. 

Norbornene on reaction with iodonium nitrate gave the 
expected iodonitrate ester 39 in approximately 60% yield. However 
no iodopyridinium salt was produced. Instead, the nortricyclanyl 
iodide 40 was formed in 40% yield together with a corresponding 


amount of pyridinium nitrate. 


[t-2pyy"No3" 4 
CHCl3,Pyridine 


ONO> 
39 40 - 
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Addition of iodonium nitrate to 2 ,3-dihydropyran produced 


trans equatorial N-(3-iodo-tetrahydropyranosyl)pyridinium nitrate 41, 


an” i AY 
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the n.m.r. spectrum of which (anomeric proton) § in (CD3)2SO 6038 
(d4-lH; Jy 2-10 Hz) closely resembles that of similar substances 


ae Similarly reaction D-glucal 


reported by Lemieux and Morgan 
triacetate with iodonium nitrate gave only iodopyridinium salts. One 
product , formed in 27% was shown to be the all-trans isomer 42 on the 
basis of the n.m.r. spectrum. The anomeric proton absorbed at 

b-Msl(CD3 SO}: bo Si(Gied Fively ,2710 Hz). All other ring protons had 
coupling constants close to10Hz. The remaining material, obtained 
as an oil in 29% yield, was purified by chromatography on florisil. 


The n.m.r. spectrum showed the presence of two isomers, assigned 


structures 43 and 44. The major isomer 43 had the anomeric proton 


absorption at dpygl(CD3)SOl: Osx? dale; Jy 12710 Hz) and was different from 


the all-trans isomer 42. On allowing to stand in dimethyl sulfoxide, 


the proportion of 44 was found to increase. 44 had its anomeric proton 


absorption at 66.56 (J; 5=6Hz). Crystallization of the oil from 


ethanol gave the all-trans isomer 42. 
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In contrast to the case of cyclohexene, the corresponding 
iodonitrate ester could not be isolated, in keeping with the finding that 
compounds which give rise to very stable peeronian ion intermediates 
react preferentially to give the iodo-pyridinium salts. This is demon- 
strated by contrasting the reaction of cyclohexene (vide supra) with 
that of 1-methylcyclohexene in which the only isolable product was the 


N-[ 1-(1-methyl-2-iodocyclohexyl) ] pyridinium nitrate 45 in 25% yield. 


CH, 
NO,- 
+ 
fone Z tin 
I 
pe ee 


Reactions with Unconjugated Dienes. 

Upon reaction of an unconjugated diene with one equivalent 
of iodonium nitrate, only one double bond reacted giving the iodoalkene 
nitrate ester and/or the iodoalkene pyridinium nitrate depending on the 
degree of substitution in the substrate. For example 1 ,5-hexadiene 
gave a 1:1 adduct with the characteristic n.m.r. absorption for the 
-CH,I and -CH-ONO, groups. Spyg(CDCls): 2.0(m, 4H, 2 -CH,-), 
35 oa(d?, 2G -CH,1) , 5.13 (m, 3H, =CHz and -CH-ONO 9) and 5.6 
({m, 1H, =CH-). Accordingly structure 46 was assigned to this product, 
corresponding to Markovnikov addition. 1,4-Cyclohexadiene behaved 

Tce hi anthicon air CH—CH, 
I ONO, 
46 
in a similar way to other unconjugated alkenes and gave 5-iodocyclo- 


hexenyl nitrate 47 in 27% yield and N-(4-(5-iodocyclohexenyl) J - 


pyridinium nitrate 48 in 24% yield. 
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The reaction of 4-vinylcyclohexene with iodonium nitrate 
allows an examination of competition in the electrophilic addition to 
acyclic and cyclic alkenes within the same model. The products 
provedto be the iodonitrate ester 49 in 25% yield and the iodopyridinium 
salt 50 in 27% yield corresponding to addition exclusively in the ring. 


pene altemnative structure for 49 in which addition takes place to the 


+ Noes 
I See 
ae CH=CH | 
49 50 


vinyl group may be immediately excluded because of the absence in 3.5- 


3.0 dregion of the n.m.r. spectrum of a signal characteristic of 


-CH,-I. On similar grounds the comparable alternative structure for 
50 may also be excluded. The positions of the iodine and nitrate groups 


in 49 and the iodine and pyridinium groups in 50 on the | ,2-cyclohexane 
bond can not be assigned unambiguously. The marked preference for 
electrophilic additions in this case to the cyclic olefinic bond may be 
ascribed to the greater stability of the resulting iodonium ion. 
Norbornadiene on reaction with iodonium nitrate gave two 
products corresponding to cross-ring interaction, i.e. , tricyclo- 
EO POy ‘ A -5-iodohept-3-yl nitrate 51 in 64% yield and the er re 
ponding iodopyridinium salt 52, N-(3-(5-iodonortricyclanyl) ] pyridin- 


ium nitrate, in 10% yield. Then.m.r. spectrum of 5] showed no 
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finic protons and was consistent with a ae structure. 


Examination of the n.m-.r.” spectrum of 24 showed it to consist of a 


mixture of two isomers 52a and 52b, the former having the same 
cg, .—-_ 


configuration as that of the major product 51. The above reaction 
| i H 
I NO 
aoa Ths 
se Nees | i 
5a 52b 


resembles the addition of iodine isocyanate to 5-methylenenorbornene 


96 


reported by Hassner and co-workers and also resembles products 
obtained by Grimwood and Swern 
Reactions with Conjugated Dienes. 

In all the examples studied of addition to conjugated dienes 
only the iodopyridinium salts were obtained and they corresponded 
exclusively to 1,2-addition of one equivalent of iodonium nitrate except 
in one case (vide infra). In these cases the carbonium ion involved 
is allylic and the sole formation of the pyridinium salt is consistent 
with the observation that this is the major type of product obtained 
when a stable carbonium ion is involved as in the case of monoolefins 
discussed above. 

Reaction of 2 ,4-hexadiene produced N -[4-(5-iodo-2- 
hexenyl)] pyridinium nitrate 53 in 70% yield. The possibility of a 
1 ,4-addition was discounted since the n.m.r. spectrum showed two 


well separated doublets at 62.0 and 1.75 with J=7 and 5 Hz 


respectively, corresponding to two methyl groups in quite different 


mi 7 ; 5 ty: 
Pinioueie snptowahad ps aitwe Sebeianes av bia wnat 


hy, tn" VA 4 j i 
sQ4 casi 
CY ; 
‘y! so | hema a. fa er “GAs 4e0. ds 2 8.49 oA iy ¢ 
y 


sci 5 ot EF "u €A<¢ Dis Send 1s ceases our ic aaa a 
on 
“ge 


4 ‘ 
4 * 
/ & 

me Po 

* a 
- “ad 7 - £ 

> 

| «3? 
~~, —— > 


cy ite 49 { ; ees - I 2 2B TE6 r Pratltei cy ts! Vokes aett 


atonhoig «ihemuns ode Be" a ae a “pag eah ve 
tq 


» 


reaae tic coon ese neh 
panei behage eS iii wig 

cl pypis a ay ‘ he MY Larry ad lo timhaee edt in wt”: 
tage Loe gee) a site Gente 226 W Siee diel opoy eae 
| to’ wisjal ipa _ orale 
Sibel aie Cid orinddtt e4 iy or aah Sets ot > oh sori 


Mita iaiias gi fs tte 3 Mista tg? thy ah Ssaltidila “low beri ak 


Cpu icaeeemee: os) Sais eiate welu ejixidy wid apa 


i 
7 
E 
A 
o 
» 
= 
. = 
e 
od 
r" 


CH,- CH-CH— CH-CH-CH, CH= CH=CH-= CH—GH= CH 


yh onl ; 
Ida Nt : eal 
a oa 
) NO, Nos: 
SX ——— 
33 54 


environments whereas other model compounds show that methyl groups 
alpha to an iodo group have similar chemical shifts to those of methyl 
groups alpha to a pyridinium group. Then.m.r. spectrum is consist- 
ent with either the Markovnikov structure 23 or the anti-Markovnikov 
structure 54. However structure 53 is preferred from mechanistic 
considerations since the pyridine would be expected to attack the more 
stable allylic cationic centre. 

2 ,3-Dimethyl-1 ,3-butadiene was the only conjugated diene 
which gave an adduct corresponding to 1 ,4-addition. With iodonium 
nitrate it afforded N-L 3-(4-iodo-2 ,3-dimethyl)but-1-enyl Jpyridinium 
nitrate 55 corresponding to 1 ,2-addition in 60% yield and another 


product (5.5% yield), to which structure 56 is assigned on the basis of 


fiesmmim. Pomspectrum. and elemental analysis. The n.m:r. spectrum 
Cope 
eas — C—C—CH 
I CH, i C—C > 
nt 
se “ 
| NO, 
— 55 


of 35 was consistent with a 1 ,2-addition becauseit showed a pattern 
characteristic of the terminal vinylic protons. Again the two methyl 
groups were in quite different environments. 

Inspection of the n.m.r. spectrum of 56 shows it to be 
highly symmetrical. bp, O: 1782 (s, 6H), 5.4 (s, 4H). Examination 
of the integration of the pyridine protons reveals that the molecule 


contains two pyridine groups. Since the n.m.r. spectrum is consistent 
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with either structure 56a or 56b it is difficult at this point to assign any 
particular structure to the compound. 


CH, CH 
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56b 
Product 56 may be envisaged as arising from 1 ,4-addition 
followed by displacent of the allylic iodine by pyridine as outlined in 
Scheme 4. Addition of bromonium nitrate to 2,3-dimethyl-1 ,3-butadiene 
(vide infra) and the fact that no equilibration of benzylic centres is ob- 
served in the addition of iodonium nitrate to aryl substituted olefins (see 


Chapter IV) argue against this pathway for the formation of compound 56. 


Reaction of styrene with iodonium nitrate gave three products. 


N-[{.1-(1-Phenylethenyl) ]pyridinium iodide 57 and N-[1-(phenyl-2-iodo)- 
ethyl Jpyridinium nitrate 58 were formed in a combined yield of 75-80% 


as indicated by the n.m.r. spectrum of the crude pyridinium salts. 


Ph—C — CH, Poe OMe CiHl 
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They were not separable by the usual methods. 58 could be con- 
verted to 57 by treatment with potassium carbonate in water. 


Approximately 10% yield of the iodonitrate ester 59 was 
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also isolated. This product could not be purified because it suffers 
extensive decomposition when distilled. However n.m.r. and mass 


spectrometry evidence was consistent with the assigned structure. 
An example of iodonium nitrate addition to a cyclic 
conjugated diene is provided by 1 ,3-cyclohexadiene which gave the 


pyridinium salt 60 in 60% yield. 
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Reactions with Acetylenic Compounds. 

Non-terminal acetylenes were unreactive towards electro- 
philic addition of iodonium nitrate. However terminal acetylenes 
reacted readily to give alkynyl iodides according to equation 3. 
Pyridinium nitrate was obtained in stoichiometric quantity indicating 


complete replacement of the acidic proton of the acetylene. Some 
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CHCl & 
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tar formation took place with a consequent decrease in yield of product. 


The structure of the iodoacetylenes were fully consistent with the 


analytical and spectra data. The terminal iodocompounds produced in 
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this was are summarised in Table 1. 
Reactions with &,@-Unsaturated Carbonyl Compounds 

Iodonium nitrate was unreactive towards o,-unsaturated 
ketones and esters. Thus no addition product could be isolated when 
methyl trans-crotonate was exposed to iodonium nitrate for 24h. 
Similarly chalcone was recovered unchanged on treatment with iodonium 
nitrate. On the other hand para-methoxychalcone 61 did react to 
afford the iodopyridinium nitrate 62 as the sole product in 91% yield. 


The assignment of the regiochemistry for 62 is based on the fact that 


[1-2Py]™ gs) Oy ee 
CH20 CH—CH — 4 
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61 
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CH30 / \ CH— CH—C 
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the nucleophilic attack of pyridine would be favored at the more stable 
cationic centre of the iodonium ion intermediate. In this case the 
para-methoxy group effectively increases the electron density at the 
double bond, compared to the parent chalcone, enabling it to react 
with iodonium nitrate. 
Reactions with Phenols and Anilines. 

As part of our investigation on neighboring group particip- 
ation (vide infra) in the addition of iodonium nitrate to suitable olefinic 


substrates , we carried out the reaction of 2-allylphenols with this 
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reagent. Reaction of 2-allylphenol with one molar equivalent of 
iodonium nitrate did not give the expected double bond addition product, 
but instead gave the aromatic iodination products 68> along with the 


corresponding amount of pyridinium nitrate. The iodine was found to 
OH On 


BP [1-2Py]* NO, a 
ees 


CHCl, , Pyridine 


63 
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be introduced at the ortho and/or para positions. With two moles of 


iodonium nitrate the di-iodinated product £5 was obtained in 74.5% 
yield. Only with three moles of iodonium nitrate did addition to the 
double bond occur, with the addition proceeding only after all the 
available ortho and para positions are iodinated. We decided to 
investigate the scope of this reaction for the iodination of activated 
aromatic molecules. 

Phenol reacted with three molar equivalents of iodonium 
nitrate to give 2,4,6-triiodophenol 66 in 94% yield. Similarly para- 
cresol afforded a 90% yield of 2 ,6-diiodo-4-methylphenol 67 with two 


moles of iodonium nitrate. OH 
OH 
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Aromatic primary amines reacted with iodonium nitrate to 
give the corresponding iodinated products in low yields. In these cases 
it was observedthat a considerable amount of tar is produced, probably 
by oxidation of the amino group. It was also observed that a maxi- 
mum of two iodine atoms can be introduced. Thus aniline with excess 
(3 moles) of iodonium nitrate gave 2 ,4-di-iodoaniline 68 in 46% yield 


and para-toluidine gave the corresponding diiodo compound 69 in 23% 


yield. NH, NH, 
I I Six I 
SS 
CH, 
68 69 


The reaction of aromatic secondary and tertiary amines was 
cleaner in that the iodinated products were obtained in good to excellent 
yields. Thus N-methylaniline with excess of iodonium nitrate gave 
a 78% yield of 2 ,4-diiodo-N-methyl-aniline 70. In the case of N ,N- 
dimethylaniline, the reaction was regiospecific in that only the para- 
iodinated product 71 was formed in 94.5% yield. 


NH: CH, DES cee eos Ne 


I 
70 71 
—_—J ~~ 


In contrast to other electrophilic aromatic substitution 
reactions, the presence of a methoxy group is not sufficient for such 
compounds to react with iodonium nitrate. Thus para-methylanisole 


did not react with iodonium nitrate even after several days. 
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As mentioned earlier only two of the three available ortho 
and para positions in aromatic primary and secondary amines could be 
substituted with iodonium nitrate, in contrast to phenol. This may be 
due to the deactivation of the ring as a result of the introduction of the 
two iodine atoms. Steric factors may play a role (cf. aniline and 
N-methylaniline) because in aniline the two iodine atoms introduced 
are at ortho and para positions, not at the two ortho positions. 

The characteristics of the reactions so far discussed are 


summarized in Table-2. 
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CHAPTER III 


Addition of lodonium Nitrate to Olefinic Alcohols and Allylphenols — 


Neighboring Group Participation. 


Neighboring group participation has been observed for a 
variety of groups in many types of Tene orien wewmodencesotew hich 
comes from abnormally high reaction rates and from the formation of 
cyclic or rearranged products. Most of the work has involved aliphatic 
nucleophilic substitutions where the neighboring group acts as an intra- 
molecular nucleophile. Similar type of behaviour is to be expected in 
electrophilic addition reactions although the intermediates are not 
necessarily carbonium ions but may be bridged ions (e.g. halonium 
ions). This has been found to be true in the addition of bromine and 
iodine to olefinic alcohols of the type CH2-CH-(CH,),-OH , where 


1S ae 


cyclic ethers have been isolated for n=3 and 4 Cyclized 


A ae : 14 
products are also formed in other electrophilic addition beactionse : 


a va pe 


Cx Otek 
HOS 
Kay © E=D, HgOCOCHg, I etc. 


Participation and subsequent migration of phenyl group have been 
149 
observed in the addition of bromine , iodine mono-chloride, iodine 


106 and bromine sc to triphenylpropene. 


isocyanate , iodine azide 
On the other hand no participation by hydroxy group occurs in the 


addition of iodine isocyanate to 1,1]1-dimethylallyl alcohol. 


61 
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The iodonium nitrate reagent readily dehydrogenates 
primary and secondary aliphatic alcohols and benzyl alcohols to the 


corresponding carbonyl compounds. In this reaction! 9 


the order of 
reactivities of these alcohols is benzylic > secondary » primary. 

Since allylic alcohols have the same redox potentials as 
benzyl peo n elas and these potentials are lower than those for 
saturated primary alcohols, it was anticipated that allylic alcohols 
should be more readily dehydrogenated by iodonium nitrate. So the 
purpose of this investigation was to examine the competition between 
electrophilic addition and dehydrogenation reactions and to explore 
possibilities for neighboring group participation in suitable unsaturated 
systems. 

In all the cases studied, electrophilic addition proved to be 
the dominant type of reaction. Even in the case when a 1 mole excess 
of reagent was used no oxidation to a carbonyl compound was observed. 
Also in the case of certain alcohols, hydroxy group participation resulted 
imetnetormation ofithree! four and five membered cyclic ethers. °° The 
reactions were carried out both in chloroform-pyridine and chloroform- 
sym-collidine. In the former solvent iodopyridinium nitrates were 
formed together with products of direct electrophilic addition. Use of 
sym -collidine which is non-nucleophilic prevented formation of the iodo- 
quaternary salts and allowed isolation and examination of the other 
reactions. 

Reactions with Allylic Alcohols. 

Allyl alcohol on reaction with iodonium nitrate in chloroform- 

pyridine formed an isomeric mixture (ratio 80:20) of iodonitrates 72 


and 73 in 30% yield. The composition of the mixture in this and similar 
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cases was determined by measuring the ratio of the intensity of the 
-CH,I nmr. absorption to that ofithe rest ofitherspectrum. ~The 
corresponding iodo-pyridinium salt consisted of two isomers 74 and 


75 in a ratio of 75:25 which were formed in a combined yield of 23%. 


HO~-CH,—CH-CH,I + 1/ X 
| HO—CH_—CH—CH_—N NO,” 
ni 2 | Ce aN yg 
ie 4 
NO, I 
~ 25, 
74 


Reaction of iodonium nitrate with allyl alcohol when per- 
formed in chloroform-sym-collidine increased the yield of the iodo- 
nitrates to 60% and no quaternary salt was formed. 

Substitution of the central carbon atom of the allylic system 
with a methyl group results in the increased stabilization of the corres- 
ponding carbonium ion which is reflected in the formation of the iodo- 
pyridinium salt 76 to the complete exclusion of other isolable products 


in the case of 2-methylallyl alcohol. 


CH, 
HO: CH, came —CHI 
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The reaction of 1 ,1-dimethylallyl alcohol with iodonium 
nitrate in chloroform-pyridine produced one isomeric form of the 
iodonitrate 77 in 20% yield and only one iodopyridinium salt 78 in 40% 


yield corresponding to anti-Markovnikov-type addition. That this 


(oon) OOH Cl ONG 
| 2 z tA, 
[sae (Ga 1G7 Cu cClia—N \ 
OHet uclhed a. 
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77 hele 
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effect may be attributed to steric hindrance by the three groups at the 
1-position of the allyl alcohol is demonstrated by the exclusive form- 
ation of anti- Marknovnikov addition products from the reaction of 
iodonium nitrate with 3 ,3-dimethylbut-l-ene (vide supra). Precisely 
the same mode of addition has been observed in the reaction of 1 ,1- 
dimethylallyl alcohol with iodine ‘pone 
In contrast to the reaction of 1 ,1-dimethylallyl alcohol in 


chloroform-pyridine, its reaction with iodonium nitrate in chloroform- 


sym-collidine takes a different course, the products being the iodo- 


nitrate 77 and the epoxide 79. The epoxide structur e719 was proven 
(CH3), C — CH—CHgl (CHS), Gia Glin at 
OF GH 
e 
th 80 


and the alternative oxetan structure 80 discounted by the ready 
reductive cleavage with lithium aluminum hydride in ether at 5° to 

tert. -pentyl alcohol, identified by comparison with an authentic sample. 
Oxetans require much more vigorous conditions for reductive 
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cleavage The isolation of epoxide in this and other cases involving 
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allylic alcohols in which the hydroxy-bearing carbon atom is secondary 
or tertiary, (in contrast with the behaviour of allyl alcohol) is in 


agreement with the observation of Winstein and Goodman on the addition 


of hypobromous acid to allylic Bleololey a eh 
BrOH 
H ° G — er — OS e oe a 
(C alls i GH CH, (CH,), C SH CH, Br 
OH O 
BrOH 
mo] CH?— CH-— CH ree oa. aaa bi OSH —CH~ CH, Br 


2 2 2 
OH 


The facilitating effect of alkyl substitution upon epoxide 


formation is also illustrated by the following comparison of rate 


poetents ie (water at 18°): 
CH 
hes | : 
: HO —CH,—CH,—Cl HO —CH—CH,Cl 
1.0 fa Al 
CH Cilia Cr 
ee (ise bie 
HO —C~CH,Cl HOpaes Cae Gi C1 
| | | 
CH, CH, CH, 
250 1370 


The effect has been attributed to relief of steric crowding in the 
parent chlorohydrin as the epoxide is donee oe 

The lesser steric hindrance offered to approaching nitrate 
ion by theiodonium ion formed from a secondary allylic alcohol com- 
pared with that from a tertiary alcohol is illustrated by hex-1-en-3-ol. 


In chloroform-pyridine the isomeric mixture of iodonitrates 81 and 82 


(50:50) was produced in 34% yield, indicating the less stringent steric 
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demands of the intermediate iodonium ion. However, the greater size 
n 
Pr papauaieues Pr) -CH—CH-—CH,-— ONO, 
| | 
OH ONO, © Pies 
81 82 


n one /, 
eae Seles, ela Sa NO, ~- 
| | ie aC ce 
OH I 


83 
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of the pyridine results in the exclusive formation of the 2-iodo-1- 
pyridino-nitrate 83. 

The reaction of hex-1]-en-3-o0l in chloroform-sym-collidine 
gave the oxetan 84, which was completely resistant to reductive 
cleavage by lithium aluminum hydride in ether at 5° for 1.5 h. under 
conditions in which compound 79 was cleaved in 10 minutes. Treat- 


ment of the oxetan with lithium aluminum hydride in tetrahydrofuran 


Pench CHAT Pro core CH, peer —CH-CH, 
l | | EA 
O — CH, Cr cus 
84 85 86 


for 24h. at 60° removed it completely. The main product was 2-propyl 
oxetan 85 and only traces of hexan-3-o0l were produced consistent with 
the known resistance of oxetans to reductive eles aaa hesaiter— 
native 2 ,3-epoxyhexane structure 86 would not have survived the 
reduction process. 
Reactions with Homo-allylic Alcohols : 

At this point it was of interest to examine the behaviour of 


homoallylic alcohols. But-3-en-1-ol on reaction with iodonium nitrate 


oe , 14g 
4 I 


. . pha 
; “3 J fh : ; 
a a bets wee ny ly 
of bog whuts pW lini one ip. mare et land 
: _ Ay ; 4 é . a 
 - a - 7 ty E ’ : 
i, Ay ‘ 7 ie i 


- } 


in chloroform-pyridine gave isomeric (85:15) iodonitrates 87 and 88 in 34% 


yield, as determined by comparison of the n.m.r. intensity of -CH,I and 


Z 
-CH,OH » which absorbed at S>uis(CDCl3): 3.43 (ad) and 3. 78 (t) respective- 


——— 


ly. The corresponding pyridinium salt obtained in 54% yield was again 


H st as — — — — — — oes 
O—CH, CH, ie CH! HO CH, CH, aa CH, ONO, 
ONO, I 
87 88 


shown to be a mixture of the Markovnikov product 89 and the anti- 


Markovnikov product 90 in an approximate ratio of 2:1, as determined 


HO- CH CH,- CH-CH,-1 A +/7 
i HO-CH.—CH.—CH-CH —N 
N fa 2 l 2) bee: 
aa ki 
eu NO} : BOs 
S 90 
83 | a 


Za 


+ 
by comparison of the n.m.r. intensities of -CH, -CHI and -CH.,-CH-N a 


which absorbed as quartets at Sp qsi(CD3)2S0]: 1.98 and 2.35. Here 
the assumption is made that the methylene protons adjacent toa 
pyridino - methine group will be more deshielded than the corres- 
ponding protons adjacent to an iodomethine group. 

As in the case of allylic systems, substitution of the 
central carbon atom of the homoallylic system with a methyl group 
results inthe exclusive formation of the iodopyridinium nitrate as 
exemplified by the addition of iodonium nitrate to 3-methylbut-3-en- 


1-ol, which gave 91 in 61% yield. 
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3 
| 
HO-CH,— cai — CH! 
ni . 
SN 
91 


~~ 


Hex-3-en-l-ol reacted with iodonium nitrate in chloro- 


form-pyridine to give a mixture of iodonitrates 92 and 93 in 62% yield 


and in a ratio of approximately 1:1. The heterogeneous nature of the 
H H ONO> = H I 
5H>4CH,0OH 
; heey eenG CH,CH,OH 
CH 5CH3 2 CH2CH, 
9 93 


iodonitrate fraction was evident from the n.m.r. spectrum which 
presented four series of multiplets from 4épyyco (CDCl3): 4.1 to 5.6, 
characteristic of two -CH-I and two -CH-ONO, groups. No cyclized 
product could be isolated in this reaction. The iodopyridinium salt 


formed in 10% yield had a cleann.m.r. spectrum which is consistent 


with either structure 94 or wee, A conclusion as to whether it is Lae or 
H 
pee bad oe st HOCHS CHIU SP) fess 
H NOX 
a 3 
H ; Hee tt 
cs NO, 
94 95 


95 or a mixture of both could not be made. 
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Parallel reaction of 2-hex-3-en-1-ol in chloroform-sym- 
collidine gave the iodonitrates 92 and 93 in approximately the same 
proportion in 59% yield. No cyclic ether could be isolated in this case 
ertner. 

The effect of alkyl substitution on hydroxy-bearing carbon 
atom was examined. In chloroform-pyridine with iodonium nitrate 


hex-5-en-3-ol gave the isomeric iodonitrates 96 and 97 in a ratio of 


' ONO> 
oe. Ti 

| . 

H H 

96 24 


25:75. The isolated pyridinium salt was not the expected N-[ 2-(4- 
hydroxy-1-iodohexyl) ]pyridinium nitrate 98. Instead N-(5-ethyltetra- 


hydrofuran-3-yl)pyridinium nitrate 99 was obtained in 20% yield, as 


Slow uebyeitSiiein. 2. sand... specttarand elemental analysis? In 
ae 
28 a Sek —_ ae 
Bea — CH, ie CHoI LE 
OH Nt 
a | NO; 22186 
98 a 99 
—_ — 


chloroform-sym-collidine 5-ethyltetrahydrofuran-3-yl nitrate 100 was 
ONO, 

C2H 

100 


isolated in 30% yield together with the isomeric iodonitrates 96 and 97. 
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Treatment of the mixture of 96 and 97 with sym-collidine under condit- 
ions comparable with the formation of 100 and for up to 72 h. produced 
no reaction, thus discounting their intermediacy in the formation of 
100. This suggests that the latter is formed by hydroxy-group attack 
on the intermediate iodonium ion followed by displacement of iodide 
(Scheme 5). This reaction parallels the displacement of the secondary 
iodide in compound 101 by pyridine in the formation of compound 99. 
Despite the low nucleophilicity of the nitrate oruae ed , the displace- 
ment of secondary iodide from compound 101 would be favored by the 


much greater leaving ability of iodide (300 times that of itrecea s) : 


iRoy 


reflecting the low C-I bond dissociation energy and by the fact 


Scheme 5 
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that the concentr dich of nitrate ions during the formation of 100 will be 
far in excess of that in the formation of iol . In additionthe known 
propensity of iodide ion towards charge-transfer complexation! 62 Wise 
with pyridinium salts may assist in its departure. 

Reaction of l1-allylcyclohexanol, a system where disubstitut- 
ion on the hydroxy-bearing carbon should facilitate cyclization, with 
iodonium nitrate in chloroform-pyridine gave a normal addition product 
102 in 55% yield. The Markovnikov nature of the addition was evident 
from the n.m.r. spectrum which showed absorptions at 6p), (CDC13): 
3.4 (d) and 5.23 (quintet), characteristic of -CHoI and -CH-ONO, 
respectively. In addition to the normal addition product a spiro-ether 


was isolated in 10% yield, which proved to be 103 and not the expected 


product 104. This was confirmed by base-catalyzed cyclization of 


OH I 
ONO, 
I 


102 104 
KOH, NO." 
ether 3 
O 
ONO, 
103 


compound 102 to the spiro-ether 103, which was characterized by its 
n.m.r. andi.r. spectra and elemental analysis. A small amount of 
pyridinium salt was also isolated from the above addition reaction. It 
was difficult to make any conclusion as to the structure of the 


compound(s). 
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The formation of spiro-ether 103 in the addition of iodonium 
nitrate to 1-allylcyclohexanol is explicable on the basis of Scheme 5 
outlined for the reaction of iodonium nitrate with hex-5-en-3-ol. 

In contrast to the behaviour of 1-allylcyclohexanol towards 
iodonium nitrate in chloroform-pyridine, its reaction in chloroform- 
sym-collidine was rather surprising in that only the normal addition 
product 102 was formed and no cyclic ether could be detected. Also, 
the reaction was considerably slower and was incomplete even after 
24 h. whereas reaction in chloroform-pyridine was complete in less 
traneo hies the reason for this)exceptional behaviour is not clear. 
Reactions with 2-Allylphenols , Bis-Homoallylic Alcohols and Higher 
Olefinic Alcohols. 

Olefinic compounds which can give rise to five- or six- 
membered cyclic structures by neighboring group participation in the 
addition of electrophilic reagents are generally expected to follow this 
path in preference to other reaction pathways as exemplified by the 


137 and leerone. oe in the 


formation of five-membered cyclic ethers 
electrophilic addition of iodine to pent-4-en-1]-ol and 4-pentenoic acid 
respectively. Addition of iodonium nitrate in chloroform-pyridine to 
pent-4-en-1l-ol gave as the major product 2-iodomethyltetrahydrofuran 
105 in 60% yield. In addition a small amount (6%) of isomeric hydroxy- 
iodoalkyl nitrates 106 and 107 was produced in a ratio of approximately 
9:1, as determined by comparing the intensities of -CH-ONO, and 
-CH,-ONO2 absorptions inthe n.m.r. spectrum. Thei.r. spectrum 


showed intense hydroxy and nitrate absorptions. No isolable yield of 


iodopyridinium nitrate was formed in this reaction. 
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eneestructuresor 105 Waseeviadentuiromthe nam.r. and ivr, 
spectra. Thei.r. spectrum showed no hydroxyl absorption. The 
cyclic ether and the iodonitrate esters fraction were readily separable 
by chromatography on florisil. 

As indicated in Chapter II, in the reaction between allyl- 
phenols and iodonium nitrate, no addition to the double bond takes place 
until all the available positions, ortho and para to the hydroxy group, 
are substituted with iodine; subsequently addition occurs readily. 

Thus 2-allylphenol on reaction with three molar equivalents of iodonium 
nitrate in chloroform-pyridine gave a normal addition product 108 in 


13% yield and a cyclized product (33.5%) to which structure 109 is 


assigned. The two compounds were readily separable by chromato- 
graphy on florisil. The regiochemistry of 108 was evident from the 


n.m.r. spectrum which showed characteristic absorptions for the 
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-CH,1 and -CH-ONO, groups at Srus(CDCl3k 3.33 and 5to 5.5 respectively. 
For the cyclic product, although the alternative structure 110 is a 


distinct possibility, structure 109 is preferred mechanistically. 


I 


110 


Attempted hydrogenolysis of the -CH,I group with lithium aluminum 
hydride in ether at room temperature results in removal of iodine 

on the aromatic ring and cleavage of the five-membered ring together 
with the expected hydrogenolysis. 

The possibility that 109 might arise from 108 by displace- 
ment of nitrate by the phenolic hydroxy group after the initial addition, 
was discounted by performing an addition to 2-allyl-6-methylphenol. 
Even after 24 h the same type of products, 111 and 112, were isolated 


in almost the same ratio (15% and 33.5% respectively). 


CH, 
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As the distance between the olefinic centre and the neigh- 
boring hydroxy group increases the propensity for participation 
decreases, as evidenced by the addition of iodonium nitrate to hex-5- 


en-l-ol. In chloroform-pyridine the major products isolated were the 
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hydroxy -iodoalkyl nitrate 3 and the pyridinium salt 114 formed in 


21% and 39% yields respectively. In both cases the regioisomers of 
HOB Gla Gli, ) aos eiglitsor 2: setae WPaeD WHS pert —CHoI 
ONO, NG 
Za NO37 
es | 
~™~y NE 
114 
7S 


113 and 114 namely 5 and 116 could not be dectected in then m.r,. 


HO — CH2~(CH2)3~CH—CH,—ONO,, e//- \ 
| HO-CH,-—-(CH.,).-CH—CH>5-N 
; 2 255 | 2 
I a 
15 NO3 
116 
—~ 
spectra of the products. | In this respect this addition resembles the 


addition of iodonium nitrate to 1-hexene where the Markovnikov addition 
products were formed exclusively. In addition to 113 and 114 a cyclic 


ether , 2-iodomethyl tetrahydropyran 117 was formed in 17% yield. 


The behaviour of pent-4-en-1-ol and hex-5-en-1l-ol towards 
iodonium nitrate is consistent with their behaviour towards bromine 
and iodine inthat the propensity for participation by a neighboring 
hydroxyl group decreases if the resulting cyclic structure is six- 


membered rather than five-membered. (2. 
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Reactions with Bicyclic Olefinic Alcohols. 

The behaviour of bicyclic olefinic alcohols towards iodonium 
nitrate was examined. It was expected that in such rigid ring systems 
participation by the neighboring hydroxy group will be preferred to 
other modes of reaction namely addition and/or rearrangement provided 
the participating group has the correct stereochemistry and the result- 
ing ring system is stable. 

Thethree isomeric 5-norbornene-2 ,3-dimethanols namely, 
endo-cis-5-norbornene-2 ,3-dimethanol, exo-cis-5-norbornene-2 ,3- 
dimethanol and trans-5-norbornene- 2 ,3-dimethanol were synthesized 
165 


accoridng to Schemes 6 and 7 


Reaction of endo-cis-5-norbornene-2 ,3-dimethanol 118A 
a ee | 


with iodonium nitrate in chloroform-pyridine produced a cyclized 

product 121A in 74% yield and a stoichiometric amount of pyridinium 
PZ) 

nitrate. Similarly addition of iodonium nitrate to the deuterated analog 

118B (>95% deuterium) gave the corresponding cyclic ether 121B. 

Structural assignments for 121A and 121B are based onn.m.r. and 

St a 

i.r. spectra and elemental analysis. The n.m.r. spectrum showed 

only one exchangeable hydrogen. Assignments of the various 

absorptions in the n.m.r. spectra were made by comparison with other 


models and extensive decoupling. Then.m.r. spectrum of 121A 
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Scheme 7 


Isa COOCH COOCH, 


Benzene 
ee 
24h 


[ \ 


CH300 H COOCH, 


CH,0H 


° 2 = = e 
showed Sous (CDC13) . 4.82 (ar, ig ks H p) Jy ye Eze Uy ae Hz)" 


Seeded eH a eeeo2 512). 93.4-3.8(m, 4H, 2.-CH,-O); 2.68 


ote 


(m, 1H, H}); 2.1-2.5 (m, 4H, H4, 5, H°, H7>); 1.76 (m, 1H, H 
2.5(s, 1H, -OH). Then.m.r. spectrum of 121B differed from that 
of 121A in that the multiplet at 4 3.4-3.8 disappeared and some 
splitting disappeared in the region 6 2.1-2.35 corresponding to H° and 
os 

One interesting feature of the n.m.r. spectrum of 121A and 
121B is the absence of spin-spin coupling between H* and H®. Similar 
protons in other comparable Sree MN for example 122, show 


a coupling constant of approximately 2.2 to 2.3 Hz. H is coupled to 


H} (3=5.5 Hz) in the case of 121. 
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The multiplet at 61.76 is assigned to H!? because it is 
coupled to H? (J=2.5 Hz) via W-coupling. In other systems such 
protons show a coupling constant of approximately 3-4 sane 

Reaction of iodonium nitrate with trans -5-norbornene- 

2 ,3-dimethanol 120 in chloroform-~-pyridine gave the cyclized product 
123 in 86% yield together with a corresponding amount of pyridinium 
nitrate. Compound 123 contained only one hydroxyl group as shown 


by the formation of a mono-para-nitrobenzoyl derivative 124 in 70% 


yield, which was characterized by its n.m.r. andi.r. spectra and 


elementalanalysis. Then.m.r. spectrum of 123 showed Ha at 
Va 
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The behaviour of exo-cis-5-norbornen-2 ,3-dimethanol 119 


towards iodonium nitrate was examined. In this compound, since the 


two hydroxymethyl groups are in an exo-cis-configuration, no particip- 


ation could be expected unless the initially formed iodonium ion inter- 


mediate 125 undergoes skeletal rearrangement followed by subsequent 


cyclization. 
GH Cre le 2Py]) NO, 
_—_—_——_—_. SS 
CH,OH 
119A 
oJ 
I 
I 
CH.,OH SER SE pepe 
CH,OH 
= 


CH,OH 


In the event reaction of iodonium nitrate with 119A gave 
a mixture of products from which the major product 126A was isolated 
in 40% yield by chromatography of the crude reaction product on florisil. 
The formation of a number of products indicates skeletal rearrange- 
ment or hydride transfer reaction as observed for the addition of 
iodonium nitrate to norbornene. The minor products could not be 
identified. The structure of 126A was determined from a comparison 
of its n.m.r. spectrum with that of 29 , obtained from the reaction of 
iodonium nitrate with norbornene. The i.r. spectrum showed intense 


absorption at 1630 cm"! indicating the presence of a ONO, group. 
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The assignments of the various absorptions in the n.m.r. 


spectrum were made by extensive decoupling and by comparison of 


o 


the spectrum with that of 126B prepared from the deuterium analog of 


119A, namely 119B ( 795% D). Thus the n.m.r. spectrum of 126B 
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hydroxymethyl groups in 126A appeared as a multiplet at 63.3 to 4. 
Anti-7-Norbornenol 127, prepared according to Scheme 8 
on reaction with iodonium nitrate in chloroform-pyridine gave 128 as 


the sole product indicating a preference for addition. 


Scheme 8 
O OC(CH3) 
\| CH, COOH, 
/ (CH3)3 COO — CH, pierncare 
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was characterized as its para-nitrobenzoyl derivative Wa 


O 
OH 2 [| 
p-NO, C.H,COC1 oLawe NO, 
Tg a oe s 
Benzenensryridine 
ONO> 
NO, 
128 Nea) 


In contrast to the behaviour of anti-7-norbornenol, syn-7- 
norbornenol 130 , prepared according to Scheme g17l » on reaction with 


iodonium nitrate gave a mixture of several products as shown by the 


Getler Sspecttum ot the crude reaction products. "None oi the products 
scheme 9 
sO} 
OCOCH3 
_CH,COONa __ t-BuO-KT ; 
| | 
CuCl, , PdCl, ai (CH,),SO 2 
CH3COOH 
130 
r— 


could be characterized. The above result is consistent with rearrange- 
ments in such systems. Here the reaction was comparatively slower 
indicating the steric hindrance by the hydroxyl group. 

Miscellaneous Reactions. 

Like hydroxy groups, the carboxyl group can also participate 
in iodonium nitrate additions if such participation can lead to five- or 
six-membered ring structures. An example is provided by the addition 
of iodonium nitrate to 4-pentenoic acid which gave the iodolactone 131 
along with the stoichiometric amount of pyridinium nitrate. No other 


product could be isolated in this reaction. Compound bl has also been 
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obtained in the addition of iodine wa and iodine cyanide” to 4-pentenoic 
acid. 

An Sceteetir of participation by a neighboring sulfur is — 
provided in the addition of iodonium nitrate to the allylthiourea L2, 


which gave a cyclized product tentatively assigned as the thiazoline 133. 


[1-2 Py]*NO3 


|| CHCl, , Pyridine 
S 
132 
did 3€ 


As indicated in Chapter II, for the addition of iodonium 
nitrate to norbornene and norbornadiene, rearrangements as a result 
of o- and tr-bond participation are possible in suitable substrate olefins. 
Hassner and Teeter reported phenyl participation and subsequent 
migration during the addition of iodine azide and iodine isocyanate to 
3,3,3-triphenylpropene. A comparable experiment with iodonium 
nitrate both in chloroform-pyridine and chloroform-sym-collidine 
produced no reaction in contrast to the ready addition to tert. -butyl- 


ethylene and (Z) and (E)-4 ,4-dimethylpent -2-enes (see Chapter IV). 
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[3,3,3-Triphenylpropene was synthesized according to Scheme nes ‘ 
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This unexpected result may indicate steric hindrance for the 
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O 
Na/Hg he e ———— 

(C,H.),C-—Cl —————> (C;H,),"C Na SEER 

6 °5°3 Ethos ogo 2. H,0 
P, I, ‘ 

(C,H.),C —CH.—CH,OH ———— > (C,H_).C —CH.—CH.—I 
6 5°3 2 Z as Gyn ate 6 °5°3 Z 2 
t-BuO” K* 

ee Gare CHG 

t-BuOH, A ee é 
5 days 


approach of the bulky complex 134 to the 3,3 ,3-triphenylpropene. 
Although the reactive species in iodonium nitrate additions 
can be represented as INO3z, the iodine is complexed to two pyridine 
molecules in this solvent. The complex 134 may be isolated as a 
crystalline solid which is soluble in polar solvents and stable in the 


absence of moisture and light. 
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(E)-4,4-Dimethylpent-2-ene with an equivalent of the complex 


134 in dimethylsulfoxide, which was not dried gave the iodonitrate 135 


and the iodohydrin 136 stereospecifically (see Chapter IV). But in 
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rigorously dried dimethylsulfoxide only compound 135 was formed 
indicating that the iodohydrin 136 results from nucleophilic attack of 
water on the intermediate iodonium ion. The addition with the complex 
can also be performed in anhydrous acetonitrile. Thus (E)-4 ,4-dimethyl- 
pent-2-ene gave compound 135 and a trace of the corresponding iodo- 


pyridinium nitrate 137. 


H + / 
(CH,),C Nee 
NO37 
CH, 
I H 
137 
te 


Our attempts to determine the structure of the complex 134 
by X-ray crystallography were not successful due to its instability. 
However, the structure of iodine perchlorate as its di-sym-collidine 


complex has been determined! 73, 


Figure 1 shows the structure of one 
form of the complex. The studies show the presence of distinct 
covalent bond between nitrogen and iodine with the N-I-N bond angle 
Ofaltiae is for one form and 180° for the other. Accordingly the 


pyridine complex of iodonium nitrate may also be expected to have a 


similar structure as in 134. 
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Stereochemical Directing Influence of Neighboring Hydroxyl Groups in 
the Addition of Pseudohalogens to Cycloalk-2-en-1l-ols. 

Addition of iodonium nitrate to cyclohex-2-en-1-ol in 
chloroform-pyridine gave an iodonitrate ester 138 in 36% yield and an 
iodopyridinium nitrate 139 in 29% yield. Examination of the appro- 
priate coupling constants in the n.m.r. spectrum of 138 showed it to 
be 3-hydroxy-2-iodocyclohexyl nitrate with the stereochemistry shown 
in which the hydroxy group is axial. N.m.r. analysis of the iodo- 
pyridinium nitrate 139 does not provide enough information to decide 
if there are one or two.isomers or to determine the stereochemistry. 
Assuming both the iodonitrate ester and the iodopyridinium salt are 


formed from the same intermediate iodonium ion, structure 139 is 
fs 


OH 
NG - I 
/ NO, 
138 139 
proposed for the salt. Parallel reaction of iodonium nitrate in chloro- 


form-sym-collidine with cyclohex-2-en-1l-ol gave 138 in 55% yield. 
Consideration of the stereochemistry of the two possible 
intermediates 140 and 141 favors an intermediate of the type 140 and 
proves that the iodonium ion is formed cis to the hydroxyl group. This 
is in agreement with the observed stereochemistry of epoxidation of 
cyclohex-2-en-1l-ols in which the oxirane ring is formed cis to the 


4,175 Tans 
hydroxy sane : Apparently the epoxidation reagent becomes 
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associated in some way with the hydroxy group in the molecule prior 


to attacking the double bond and is therefore constrained to approach 


ee 


the latter from that side of the ring which bears the hydroxy group. 

The above result prompted us to investigate the stereo- 
chemical directing influence of hydroxy groups in the addition of other 
pseudohalogens to cyclohex-2-en-1-ol and also in the addition of iodo- 
nium nitrate to cycloalk-2-en-1l-ols of various ring sizes. 

Reaction of iodine azide with cyclohex-2-en-1-ol produced 
an unstable adduct in 86% yield. Thei.r. spectrum of the adduct 
showed strong absorption at 2100 cm7! indicating the 5) pes of azide 


group inthe molecule. Then.m.r. spectrum showed the following 
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Significant absorptions TMS (CDC13)' 4 3i(ay, bees CH=f wis 8.5 Hz 
andy 5ahiz).. 360-420 Sri 2s -CH-OH and -CH-N3). On the basis 

of the n.m.r. spectrum structure 142 is assigned to the adduct, which 


OH 


is derived from anintermediate iodonium ion formed cis to the hydroxy 
group. 

Addition of iodine monochloride to cyclohex-2-en-1l-ol gave 
a product in about 90% yield, but no stereochemical information could 
be gathered from the n.m.r. spectrum. Addition of iodine isocyanate 
produced only tarry material and no identifiable product was isolated. 

Cyclohept-2-en-1-o0l with iodinium nitrate produced four 
products. The two iodonitrate esters were formed in a combined 
yield of 59% and in a ratio of approximately 80:20 (obtained by compar- 
ing then.m.r. intensity of -CH-I of the major product with the total 


intensity of -CH-ONO,, at 8 Bec 50) ee heeniajor 


TMS(CDCl3)' 
product is assigned structure 143 in which the iodine is cis to the 
hydroxyl group, and the minor product as 144. The major product 

had the -CH-I absorption in the n.m.r. spectrum at ooms (CDC13)' 
ae (1(d)eewithecouplineeconstan teste ott Zeandeo off17 seen inal 
spectrum of the cycloheptene-iodonium nitrate adduct showed absorptions 


at 4.33 (sextet, 1H, -CH-I, UE ee Hz Ja,e™? Hz); 


& ; 
TMS (CDC13) 
5.36 (sextet, 1H, -CH-ONO,, oe act ize uf gees Hz). This indicates 


that in 143 the hydroxy group is pseudo-axial and iodine and nitrate 
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groups equatorial. Esterification of the hydroxyl group with para- 
nitrobenzoyl chloride in the presence of pyridine allowed separation 
of the major product as a crystalline derivative 145 which had in the 


n.m.r. spectrum absorptions at § AP \ Cis ol td Orica, 


TMS (CDC1,)’ 
eon Zand onli a )fmea 00 (ele -ChH-O-) 5.5 (m, 1H; 
-CH-ONO,). Treatment of the mixture of iodonitrate esters with 
potassium hydroxide in ether produced cycloheptenone as the major 
product by elimination of both hydrogen iodide and nitric acid from 
143 and another compound which is assigned the epoxy-nitrate structure 
146 derived from 144 by base catalyzed cyclization. The transform- 
ations are illustrated in Scheme 11. 

The iodopyridinium nitrate salts were formed in 27% and 
8% yields respectively. They were easily separated by fractional 
crystallization from ethanol. An unequivocal assignment of their 
structures can not be made at this point. 


Our attempts to establish the structures of iodonitrate 


esters 143 and 144 and similar compounds by chemical transformation 


as shown below to known compounds were unsuccessful. Thus 
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attempted conversion of the nitrate group in 138 to the alcohol function 
by catalytic reduction over palladium-carbon in the presence of various 
organic tertiary bases gave cyclohexanol. Lithium aluminum hydride 
gave the same result. On the other hand hydrogenation in the pres - 
ence of inorganic bases and zinc-copper couple hydrogenolysis in 
ethanol effected no change. Zinc-copper couple hydrogenolysis of 

the cyclooctenol-iodonium nitrate adduct (vide infra) in acetic acid 
resulted in the elimination of iodine and nitrate. 

Reaction of iodonium nitrate with cyclooct-2-en-1-ol in 
chloroform-pyridine gave an iodonitrate ester in 60% yield. No iodo- 
pyridinium nitrate could be isolated in this case. The reaction was 
considerably slower and traces of cyclooctenol could be detected in 
the reaction mixture even after 24h. 

The assignment of structure 148 to the iodonitrate ester is 
based on a comparison of the coupling constants in the n.m.r. spectrum 
of 148 with those in the spectrum of the cyclooctene-iodonium nitrate 
adduct 37. Thus the n.m.r. spectrum of 148 showed absorptions at 
6TMS [eDer), Ay4oe(t elie -GHl,1J=9:Hz): 5.3 (sextet, 1H, 
-CH-ONO,, J=9 Hz and 4.5 Hz). The corresponding coupling constant 
J in the spectrum of 37 was 10 Hz. A coupling constant 

CHI-CH-ONO>? pe 
of 9 Hz indicates a trans configuration of iodine and hydroxyl groups. 
Treatment of adduct 148 with potassium hydroxide in ether 


gave a cyclized product assigned as the epoxy-nitrate 149 on the basis 


of n.m.r. andi.r. spectra and mass spectral fragmentation pattern. 
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Cyclopent-2-en-1-o0l with iodonium nitratein chloroform- 
pyridine produced an iodonitrate ester 150 in 52% yield and the corres - 
ponding iodopyridinium nitrate 151 in 22% yield. No stereochemical 
information could be gathered from the n.m.r. spectra of the products 
and comparison with that of the cyclopentene-iodonium nitrate adducts. 
Treatment of the iodonitrate ester with base did not produce any cyclized 
product. This may indicate that the iodonium ion may be formed cis 


to the hydroxy group. 


OH 

OH 

I 

! S 

N “NO; 
| 
ONO, LE 
150 isl 


It is interesting to note the behaviour of these olefinic 
alcohols in electrophilic epoxidation reactions. Cyclohept-2-en-1-ol 


gave a mixture of cis and trans-3-hydroxycycloheptene oxides in a 


Lome ated, 


atiorof 2:1 On the other hand cyclooct-2-en-1-o0l gave the 


trans isomer oboe wretteate No information is available on 


the stereochemistry of epoxidation of cyclopent-2-en-1l-ol. 
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CHAPTER IV 


Stereochemistry, Regiochemistry and Mechanism of the Addition of 


Iodonium Nitrate to Alkenes! 79, 


In Chapters II and III we have seen the reactions of iodo- 
nium nitrate with olefins of different structural types and also the 
effect of neighboring groups. It is evident that the scope of these 
reactions and the reactivity of iodonium nitrate are substantially 
different from those of other pseudohalogens. Hence it was necessary 
to examine the stereochemistry, regiochemistry and mechanism of 
iodonium nitrate additions in greater detail. 

Pure (E)-4,4-dimethylpent-2-ene 152 was treated with an 
equivalent of iodonium nitrate in chloroform-pyridine affording a single 
stereoisomer of the iodonitrate ester 135 ina regiospecific (ONO, - 
methyl) anti-Markovnikov addition in 76% yield together with the corres- 
ponding iodopyridinium nitrate 137 in 5% yield, which also subsequent - 


ly proved to be stereospecific and regiospecific in its formation. The 
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regiochemistry of the additions was assigned by reference to the 
n.m.r. spectra as described in Chapter II. 

Similarly treatment of pure (Z)-4,4-dimethyl pent-2-ene 
154 with iodonium nitrate afforded only one stereoisomerically pure 
iodonitrate ester 156 in 91.5% yield together with the iodopyridinium 
nitrate 157 in 5.5% yield. (No conformational preference is implied 


by the sawhorse projection formulas.) 


(CH3)3G CH 
z (I. 2Py)* NO,” 


H H 


154 155 


Pyridine | NO,- 


NO3_ 
157 156 


The n.m.r. spectrum of 135 and 156 were quite distinct 
oo c—_p 
indicating stereospecific addition of iodonium nitrate to the above olefins. 


The methine hydrogens of 135 absorbed at 6 ana2 (dele, 


TMS (CDC13) 
J=2,.75 Hz); and 4.8 (octet, 1H, J=6.2 Hz and 2.75 Hz), characteristic 
of -CH-I and -CH-ONO, methine hydrogens respectively while those 


for 156 absorbed at & Se 990 deel line 2). > 1H2),)and.4.93 


TMS (CDC13)' 
(octet, 1H, J=1.5 Hz and 6.15 Hz) respectively. 
Zinc-copper couple reduction of iodonitrate ester 135 in 


acetic acid afforded the iodohydrin 136 in 29% yield. Treatment of 
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iodohydrin 136 with powdered potassium hydroxide in anhydrous ether 
gave the (E)-epoxide 158 in 70% yield which was identical with the 
authentic (E)-epoxide prepared in 68% yield by the oxidation of pure 


(E)-4,4-dimethylpent -2-ene 152 with meta-chloroperbenzoic acid in 


methylene chloride. 


I H CH, EN esi ashes 
hidve | 
NO 
(CH,),C ¢ JOSIE: ios 


H 
135 136 
O 
H CH, | 
158 


Since electrophilic epoxidation of olefins by peracids is 
known to be cis freee cepecificurs and since zinc-copper couple hydro- 
genolysis of the nitrate grouping does not affect the configuration at the 
carbon atom, then this proves that 135 has the erythro configuration 
and thereby the addition of iodonium nitrate to(E)-olefin is stereo- 
specifically trans. 

Similar treatment of iodonitrate ester 156 with zinc-copper 
couple in acetic acid for preparation of the iodohydrin 159 was unsatis- 
factory since no appreciable amount of the desired compound was 
obtained. But it was found that dilution of the reaction mixture with 
an inert solvent such as pentane gave the iodohydrin 159 in 41% yield. 
Treatment of iodohydrin 159 with potassium hydroxide gave the (Z) - 


epoxide 160. In this case considerable base catalyzed elimination of 
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the iodohydrin to give ketone, 4,4-dimethylpentan-2-one 161, accom- 
panied ring closure to the epoxide 160. An authentic sample of (Z)- 
epomide was synthesized by meta-chloroperbenzoic acid oxidation of 
(Z)-4,4- dimethylpent-2-ene in methylene chloride. 

These observations conclusively prove that iodonitrate 


ester 156 has the threo asa. and therefore addition of iodonium 


Zn Gu 

_HOAc. KOH KOH (CH3)3C- CH,- re CH; 

Dentance OH i 
(CH3)4C ONO, (CH3), H 


161 
159 
156 
CH 
( 3)3 CH, CH 


: (CH3),C 4) 
H Cle. 
FL. O H 
eg 160 


nitrate to the (Z}olefin is also stereospecifically trans. 

The relative ease of trans displacement of iodide from the 
erythro-iodohydrin 136 to form epoxide 158 compared with the slow 
formation of the(Z)-epoxide 160 from the threo-iodohydrin 159 indicates 

— ~~ ee cejy~ 
preferred conformations 136A for the former and 159A for the latter. 
YJ oJ 
Whereas no ketone is formed from 136A , 159A may rotate with equal 
facility to two conformers, 159B and 159C, comparable in energy 


giving rise to 160 and 161 in approximately equal proportion. 
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H 
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Socawted ona, 
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HO CH 
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H CH, OH 
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H,C OH HO H CH, 
H H H 
159A 159B 159C 
160 161 
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Thus the addition of iodonium nitrate to 4,4-dimethylpent-2- 
enes is stereospecific and regiospecific at least with regard to the iodo- 
nitrateesters. The iodopyridinium nitrate salts 137 and 157 although 
clearly epimers (n.m.r.) were produced in such low yields that it was 
inconvenient to ascertain the stereochemistry in this particular example. 
When the two but-2-enes were used the relative yields of the pyridinium 
salts were much higher reflecting the reduced steric hindrance during 
the addition and permitting an examaination of their stereochemistry. 

(E)-But-2-ene 162 on reaction with iodonium nitrate in chloro- 
form-pyridine produced the iodonitrate ester 163 and the iodoalkyl 


pyridinium nitrate 164 in 32% and 55% yields respectively, both 
ow 
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stereoisomerically pure. The possibility that pyridinium salts such 
as 164 may arise from iodonitrate esters such as 163 by displacement 
of the nitrate by pyridine was discounted since 163 did not give any 164 
under conditions in which 164 is formed even after 24h. Treatment 
of 164 with sodium methoxide in methanol at 50° for 24 h afforded the 


single diastereomeric elimination product 165. Similar treatment 


H 
CH, H CH, 
ame ate a. 
H CH, ONO, 


Cache et: 
162 
163 
o—— 
as CH, H cH, 
. NaOCH,, 24 hr. : 
H N SSS 
. 50° 
Fi 
a NO, 
165 
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of (Z)}but-2-ene 166 with iodonium nitrate produced the iodonitrate ester 
167 and the corresponding iodopyridinium nitrate 168 stereospecifically 
in 32% and 54% yields respectively. Treatment of 168 with sodium 


methoxide in refluxing methanol for 48 h. gave the single diasteromeric 


CH 
CH,~ CH, I 3H 
OX (I-2Py)* NO,” 
. ” ONO, 
Ast 


166 
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elimination product 169. 
The configurational assignments of 165 and 169 were made 
by n.m.r. spectroscopy. It has been shown that in compounds of the 


type 170, the two methyl groups can couple and the magnitude of this 


CH, CH=—CxX— CH, 


170 X=Halogens , COOCH, ; N3 7 etc. 
homoallylic coupling constant depends on the relative configuration of 
the two methyl groups, the trans-methyl oe showing a larger 
coupling constant than the cis-methyl Groupe aes wuune methyloeroups 
in compound 165 showed a coupling constant of 1.3 Hz while those in 
compound 169 showed a coupling constant of 1.7 Hz. Thus 165 and 169. 
have the cis and trans configurations respectively. Since base 


182 thewtorm-— 


catalyzed eliminations proceed stereospecifically trans 
ation of 165 and 169 show that the iodoalkyl pyridinium nitrates, 164 and 
168, have the erythro and threo configurations respectively. It is 
also clear that the iodoalkyl nitrate esters and the iodoalkyl pyridinium 
nitrates arise from the same intermediate by nucleophilic attack by 
nitrate ion and pyridine respectively and that the products are formed 
under kinetic control and that they do not interconvert to any appreci- 
able extent- 

The marked difference in the relative ease of elimination 
of hydrogen iodide from iodopyridinium salts 164 and 168 can be 
accounted for from considerations of conformational analysis. Of the 
three staggered conformations to be considered for the erythro isomer 


164, conformer 164b might be predicted to be the preferred conform- 
—_ c—~ 


ation. However the rapid trans elimination of hydrogen iodide even 
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at room temperature suggests significant contribution from conformation 
lo4a, implying a compensating attractive force between gauche iodo 
and pyridinium groups. The X-ray crystallographic study of N-[2- 
(2-methyl-3-iodo)butyl] pyridinium nitrate 28 shows the largest groups 
iodo and pyridinium to be similarly oriented gauche to one pntheree >, 
Hassner has reported that London attractive forces between 
vicinaliodo and azide groups in iodine azide adducts similarly favor an 
fa here) 


adoption of gauche relative positions for these groups 


In the case of the threo isomer 168 , the three conformers 


to be considered are 168a-c. For this isomer the most stable conform- 


ation should be 168a in accord with the observation that base catalyzed 
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trans elimination of hydrogen iodide requires much more vigorous 
conditions than for 164 (i.e. sodium methoxide in refluxing methanol 
for 48 h) and is still incomplete. The attractive gauche iodo-pyridin- 
ium interaction in 168a may reinforce the conformational preference. 

Addition of iodonium nitrate to(Z)-pent-2-ene 171 in chloro- 
form-pyridine was regioselective in the formation of the threo-iodo- 
nitrates 24 and 25 in a ratio of 70:30 and in a combined yield of 67%. 
The isomer ratio was determined from the n.m.r. spectrum which 
showed Sms (CDC1,)' 4.1 (sextet, 0.7H) and 4.33 (octet, 0.3 H) 
corresponding to two iodomethine groups. The corresponding absorp- 
tions for the two nitrato-methine groups occured at §5.15 (octet, 0. 7H) 
and § 4.81 (quint, 0.3 H) respectively. | 

The threo-iodoalkyl pyridinium salts formed in the above 
reaction was a regio isomeric mixture of 26 and 27, with the anti- 
Markovnikov product 26 predominating in approximately the same ratio 
as for the iodonitrate esters. This was evident from the n.m.r. 
spectrum of the product which showed two partially superimposed 


triplets at & 0.7-1.2, although the exact ratio could 


TMS[(CD,),SO] 
not be determined. The latter was determined by base catalyzed 
elimination of hydrogen iodide from the pyridinium salts 26 and 27 to 

the corresponding vinyl pyridinium salts 172 and 173. The isomer 
ratio was established by comparing the n.m.r. intensities of the 

vinyl methyl groups in 172 and 173, which absorbed at Sms [(CD3)2SO]° 
2.34 as a singlet, further split by allylic and homoallylic coupling, 

and at 61.42 as a doublet, further split by homoallylic coupling, 


respectively in a ratio of 73:27. 
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The corresponding reaction of iodonium nitrate in chloro- 


form-pyridine with (E}pent-2-ene 174 similarly afforded a mixture of 
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regioisomeric iodonitrate esters 175 and 176 in 2 combined yield of 
53% and in a ratio of 69:31 as determined by comparing the n.m.r. 
intensity of the methyl alpha to the nitrato-methine group in 175 with 
the total intensity of the methyl groups of the ethyl groups. The iodo- 
pyridinium salt formed in this reaction was a single regioisomer gs 


as clearly shown by then.m.r. spectrum. 


CH3CH CH,CH CH,CH Ry 
3 
H ‘ H 
H 
195 176 as 


Electrophilic addition of iodonium nitrate to 4-methylpent- 
2-enes represents a borderline case in that addition to the (E)-isomer 
is 80% regioselective while addition to the (Z)-isomer is regiospecific in 
the formation of iodonitrate esters. The nucleophilic attack of the 
larger pyridine is regiospecific with both isomers as evidenced by 
the n.m.r. spectra. From the(E)-isomer 178 were obtained iodo- 
nitrate esters 179 and ]180 in a combined yield of 70% andiodopyridinium 


nitrate 181 in a yield of 15%. The corresponding yields of the 
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regiospecific iodonitrate ester 183 and the iodopyridinium nitrate 184 


from the(Z)-isomer 182 were 63% and 14% respectively. 


CH 


3 ONO 
(CH2)>CH ~\ 2. 
3)2 
H 
i H 
183 184 


The greater steric bulk offered by the tert. -butyl group 


in 2,2-dimethylhex-3-enes ensures regiospecific anti- Markovnikov 
| ye rete 


addition producing the threo iodonitrate ester 186 in 80% yield 


from the (Z)olefin 185 and the erythro-isomer 189 in 55% yield from 
the (F)- alkene 188. Only traces of the corresponding iodopyridinium 


salts 187 and 190 were formed. 
Tr —/S T—J 
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Addition of iodonium nitrate to(Z) and (E)-3-methylpent-2- 
enes 191 and 192, although they do not contain especially bulky groups, 
afforded exclusively the diastereomeric iodopyridinium nitrates 193 


and 195 in regiospecific and stereospecific additions. The regiochemistry 
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of the addition was proven by the sodium methoxide catalyzed elimin- 
ation of hydrogen iodide from 195 to form 196 the n.m.r. spectrum 
of which showed a clear ABB' pattern for the vinyl protons. 

Addition of iodonium nitrate to (Z) and (F})- stilbenes , 197 
and 198 , to form the iodoalkyl pyridinium nitrates , 199 and 200, is 

c—_— o—~ 

also stereospecific. No iodonitrate esters were formed in these 
reactions. Base catalyzed trans-elimination of hydrogen iodide 


from 199 and 200 gave the isomeric vinyl pyridinium salts 201 and 


202. 
Ph + + 
h i SS t- 
I Hied I Ph 
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The trans stereospecificity observed in iodonium nitrate 
additions to (Z) and(E)-stilbenes and to (Z) and (E)-3 -methylpent-2-enes 
can be explained as proceeding through an iodonium ion such as 203 

r—_— 
for aryl substituted olefins. But it is also possible to attribute this 


specificity to hindrance of free rotation by the phenyl groups in an 


intermediate such as 204. To eliminate such a possibility an addition 
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to (Z)-2-deuterostyrene 205 was performed. Olefin 205 was prepared 


from phenylacetylene by deuteration and reduction with disiamylborane 


by the method reported by Has oer oy 


The styrene 205 contained 
>95% deuterium, as determined by n.m.r. and mass spectroscopy. 


As in the case of the protium analog the products were the iodonitrate 


ester 206 and a mixture of pyridinium salts 207 and 208, 208 arising 


from spontaneous trans-elimination of hydrogen iodide from 207. On 
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treatment of the mixture of pyridinium salts with potassium carbonate 
208 was produced. The structure of 208 follows from comparison of 
the n.m.r. spectrum (vinyl singlet at 56.43) with that of the protium 
analog (vinyl AB quartet at 66.43 and 6.10, J=2.5 Hz). In such 
compounds the proton cis to the phenyl absorbs at lower field than the 
trans proton! %, 

Evidently , the iodonium ion implicated in iodonium nitrate 
additions, unlike that formed in other pseudohalogen additions 
Dasssurtacientsimec icationycharnacterwe. gi 194B , to permit nucleophilic 
attack despite increased steric hindrance and to permit neighboring 
hydroxyl group attack to form three, four, five and six membered 
cyclic ethers. It also has sufficient stability through the bridged 
form 194A to ensure its stereochemical integrity is maintained leading 
to the observed stereochemistry of formation of e.g. 195 and its 
diastereomer, and of 207. It appears therefore that the intermediate 
iodonium ion should be represented by the unsymmetrically bridged 


species 194A with contribution from the free cationic form 194B. 
Oe CY 


1,104 ,96 
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CHAPTER V 


Kinetics and Energetics of the Addition of lodonium Nitrate 


to Unsaturated Systems. 


In Chapter III, we have seen that addition of iodonium 
nitratein both chloroform-pyridine and chloroform-sym-collidine to 
suitable olefinic substrates gives cyclized and/or addition products 
depending upon the structure of the substrate. This result signifies 
neighboring group participation in contrast to the known chemistry 
of iodine ocreere o and iodine ae Also, addition of iodonium 
nitrate to cyclohex-2-en-1l-ol and cyclohept-2-en-1l-ol gives products 
derived from intermediate iodonium ions which are formed cis to the 
hydroxyl group, signifying some compensating interaction between 
the iodine and hydroxyl group. On the other hand addition of iodonium 


nitrate to cyclooct-2-en-1l-ol results in a product derived from an 


iodonium ion which is formed trans to the hydroxyl group indicating 


that steric hindrance by the hydroxyl group for the approach of the 
electrophile is the overriding factor. The results with these cyclic 
olefinic alcohols are in agreement with the observed stereochemistry 
of epoxidation of these compounds. 

A comparison of the relative yields of iodonitrate esters 
and iodopyridinium salts for olefinic alcohols and alkenes of comparable 
structure (Table 3) reveals that in general introduction of a hydroxy 
function results in a marked increase in the proportion of the iodc- 
pyridinium salt relative to that of the iodonitrate. This suggests that 
the hydroxy function contributes to the increased stabilization of the 


intermediate iodonium ion rather than to its inductive destabilization. 
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Table 3 


Relative Yields 


Substrate Iodonitrates Pyridinium salts 
CH, -CH(OH)-CH,-CH=CH> ] : 7aAW) 
CH, (OH) -CH2-CH=CHp) ] : 1.6 
n-Bu-CH=CH 1 e120 
Cyclohex-2-en-1-ol 1 : 0.805 
Cyclohexene 1 : 0.66 
Cyclopent-z2-en-1-ol i 3 0.423 
Cyclopentene ] : Oley. 
Cyclohept-2-en-1-ol | : OL sks) 
Cycloheptene ] : 0.169 
Cyclooct-2-en-]-ol 60% - 
Cyclooctene ] : 0.0696 


Iodonium nitrate like other typical pseudohalogens has all 
the characteristics of an electrophilic reagent which is consistent with 
the qualitative observation that electron donating groups facilitate 
the reaction while electron withdrawing groups considerably retard 


it or even arrest it. But iodonium nitrate differs from the other 
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pseudohalogens in that in this reagent the iodine is complexed to two 
pyridine groups through nitrogen. The effect of this complexation 
may alter its relative electrophilicity compared to other iodine 
containing pseudohalogens such as iodine isocyanate, iodine chloride 
etc. , depending upon the electronic and steric environments in the 
olefinic substrate. 

We undertook an extensive kinetic study of the addition of 
iodonium nitrate to olefins of varying nucleophilic character with a 
view to obtaining evidence for neighboring group participation and 
thermodynamic parameters. 

Estimation of lodonium Nitrate. 

As in the case of other positive halogen containing compounds, 
iodonium nitrate can be estimated by the iodometric method. But 
unfortunately we could not make use of this method for kinetic purposes 
since many of the adducts easily generate iodine with potassium iodide 
in the presence of acetic acid. 

Swern and coworkers used the gas chromatographic method 
to follow the disappearance of olefin in the addition of iodine eee nates 
This method was not applicable for iodonium nitrate additions since 
the reaction mixture contains soluble nonvolatile iodoalkyl pyridinium 
salts. 

Attempts to follow the kinetics by studying the rate of 
formation of the products by means of high pressure liquid chromato- 
graphy were not successful. It was found that the products can be 
detected (after destroying the iodonium nitrate withsodium thiosulfate 
and then drying the solution with molecular sieves), but it requires 


a solvent of low polarity such as hexane. Under these conditions the 
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unreacted olefin eluted with chloroform. But the iodopyridinium salt 
remained on the column, thus building up the pressure. Elution of 
the pyridinium salt requires a solvent of high polarity such as aceto- 
nitrile and methanol. Again no quantitative correlation was found. 

Since positive halogens can be reduced with sodium thio- 
sulfate or sodium bisulfite, we examined the applicability of this 
method for the estimation of iodonium nitrate. We found that iodonium 
nitrate can be estimated quantitatively with thiosulfate. This gave 
values comparable with those obtained by the iodometric method. The 
probable reaction may be formulated as: 

2aNa50, One GelNOs: tarauee o WNale ct NaNO, + Nao5,0¢ 
The method is as follows: 

A known volume of iodonium nitrate solution in chloroform - 
pyridine (70:30) is thoroughly shaken with an excess of a known volume 
of standard sodium thiosulfate solution. The completion of the reaction 
between sodiumthiosulfate and iodonium nitrate is indicated by the 
change in color of the iodonium nitrate solutionfrom light yellow to 
colorless (ca. 15-20 sec.). The excess of sodium thiosulfate is then 
determined by titration with standard iodine solution using starch as 
the indicator. The titre values were quite reproduceable within 
experimental limits. The end point is indicated by the first appear - 
ance of the blue color. It was found that the color faded gradually. 

In some additions , where cyclization (e.g. pent-4-en-l-ol, 
hex-5-en-l-ol) or rearrangement (e.g. norbornylene) occurs, 
pyridinium nitrate (Py-HNO3) is an additional product in the reaction. 
To perform kinetic measurements on such compounds, it en necess- 


ary to determine whether the pyridinium nitrate will interfere with the 
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estimation of iodonium nitrate by the method described above. It was 
found thatthe titre values were unchanged in the presence of added 
pyridinium nitrate. 

Preparation of lodonium Nitrate-Pyridine Complex for Kinetic Studies. 

A solution of iodoniur nitrate in chloroform-pyridine was 
prepared in the usual way (see experimental section). The solution 
was poured into an excess of anhydrous ether with stirring. The 
precipitated solid was collected and washed several times with ether. 
The product was recrystallized several times from anhydrous aceto- 
nitrile or acetonitrile-ether. It was not possible to remove all silver 
salts from the complex because of their solubility in acetonitrile. An 
approximate purity of 95% was achieved by this method. 

The presence of silver salts was shown not to interfere 
with the reaction by studying kinetics with samples of complex contain- 
ing different amounts of silver salts. 

BeOlchiometry of the nN eaction. 

The stoichiometry of the reaction was shown to be 1:1 by 
allowing a known excess of iodonium nitrate in chloroform-pyridine 
to react with a known amount of cyclohexene to completion and then 
determining the excess of iodonium nitrate by the method described 
above. 

Kinetic Measurements. 

All kinetic studies were done in chloroform~pyridine 
(70:30 v/v) at temperatures between -20.5 to 45°C. Chloroform and 
pyridine were freshly distilled. All olefinic substrates were fraction- 
ally distilled before use. Purities were determined by gas chromato- 


graphic studies. 
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The progress of the reaction was followed by the rate of 
disappearance of iodonium nitrate. An accurately weighed amount of 
olefin was made up to 50 ml with chloroform-pyridine (70:30) at the 
temperature at which kinetic measurements were made. The olefin 
solution and the iodonium nitrate solution (50 ml) were equilibrated 
at the desired temperature. The two solutions were mixed thoroughly. 
5 ml portions of the reaction mixture were withdrawn at intervals and 
the unreacted iodonium nitrate was estimated by the method described 
before. Whenever possible the kinetics were followed up to 80-85% 
of the reaction except at very low temperatures where they were 
followed up to 50-60%. 

In all the kinetic runs a slight excess (10-25%) of iodonium 
nitrate was used. The initial concentration of iodonium nitrate was 
determined by titrating 5 ml of the stock solution. This was checked 
by titrating a sample after completion of the reaction. Good agree- 
Dicnigwas Observed within experimental error. 

A typical kinetic run may be represented as follows: 


Time (min.) 5 10 20 30 40 50 60 80 LOO 520 


I>=excess thio- 
sulfate(mls) lps Oo 4 Oe 97 el le eels Om ho. see) Ou ome Oat 


From the data the concentration of iodonium nitrate at any 
time can be calculated. Since the difference in the initial concentrations 
of iodonium nitrate and olefin is known, the concentration of olefin at 
any time follows. 


Determination of Rate Constants. 


The second order rate constants for the addition of iodonium 
nitrateto various olefinic substrates were determined by plotting log P 


against time. 
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oO 
Cec 
Pp = ———  , where 

OF; 

Cac 
eR) A ere : é : P 
cy = initial concentration of iodonium nitrate 
cp = initial concentration of olefin 


C, and cp are concentrations of iodonium nitrate and olefin respectively 
at any given time. 
Good second order plots (straight lines) were obtained up 


to about 80-85% of the reaction. 
k = Slope - 


Results and Discussion. 

Figures 2 and 3 represent selected typical standard and 
weighted least squares plots for the determination of second order 
rate constants for the addition of iodonium nitrate to various olefins. 

The second order rate constants at 0°C for the reaction 
of iodonium nitrate with a few cyclic olefins and the corresponding 
olefinic alcohols (hydroxy group on the «-carbon atom) along with 
Eneireconcentrations are pivensin lable 4, sor the monocyclic 
olefins the order of increasing rate of reaction is cyclooctene << 
cycloheptene < cyclohexene <a cyclopentene. Norbornadiene is 
approximately 2.5 times as reactive as norbornylene towards iodonium 
nitrate. Although norbornadiene may be expected to be twice as 
reactive as norbornylene for statistical reasons, the overall enhance- 
ment of rate by 2.5 times may be attributed to neighboring tw bond 
participation. 

The effect of an “- hydroxy group in the monocyclic olefinic 


systems on the rate of reaction is also evident. Inthe five, six and 
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Figure 2. Plot of log P against time (sec.) for the addition 
of iodonium nitrate to cycloheptene at -11.5°C 
in 70% chloroform and 30% pyridine. 
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Plot of log P against time (sec.) for the addition 
of iodonium nitrate to cyclooct-2-en-1-ol at 37°C 
in 70% chloroform and 30% pyridine. 
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seven membered cyclic systems, the alcohols are more reactive than 
the corresponding olefins. Thus cyclohex-2-en-l-ol is 1.5 times as 
reactive as cyclohexene, cyclohept-2-en-1l-ol 2.25 times as reactive 
as cycloheptene, and cyclopent-2-en-1l-ol 1.4 times as reactive as 
cyclopentene. Since in cyclohex-2-en-1l-ol the iodonium ion is formed 
cis to the hydroxy group whereas in cyclohexene both sides of the 
unsaturated centre are available for electrophilic attack, the above 
result indicates a rate enhancement by a factor of three in spite of 

the inductive electron withdrawal by the hydroxy group. On the same 
grounds the rate enhancement for cyclohept-2-en-1l-ol by a factor of 
4.5 compared to cycloheptene indicates that the major reaction path- 
way for this particular olefinic alcohol is through an intermediate 
iodonium ion which is formed cis to the hydroxy group. Similarly a 
rate enhancement by a factor of 2.8 for cyclopent-2-en-l-o0l compared 
to cyclopentene and the fact that cyclopent-2-en-1l-ol gives only one 
diastereomeric iodonitrate ester and iodopyridinium nitrate suggest 
that the iodonium ion may be formed cis to the hydroxy group. 

The rate constants for cyclooctene and cyclooct-2-en-1-ol 
show that the hydroxy group has the opposite effect on the reaction rate. 
This may indicate that steric hindrance and/or inductive electron 
withdrawal by the hydroxy group to the approach of the electrophile 
are the overriding factors and that the iodonium ion may be formed 
trans to the hydroxy group. 

Table 5 summarizes the second order rate constants at 0° 
for a few linear olefinic alcohols of varying chain lengths and substitut- 
ion pattern. The value for hex-1l-ene is included for Semerigoat 


since there is expected to be very little variation in rate constants 
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along the series propene to hex-1l-ene in electrophilic addition 
reactions! 47, 

The order of decreasing reactivity for the linear unsub- 
stituted olefinic alcohols is allyl alcohol > but-3-en-1l-ol > pent-4-en- 
1-ol > hex-5-en-l-ol. The rate constant for hex-5-en-1l-ol is 
comparable with that for hex-l-ene indicating that the hydroxy group 
does not have any profound influence on the reaction rate when it is 
far removed from the reaction centre. The rate constants for the 
other three olefinic alcohols show that the stabilization of the inter- 
mediate iodonium ion by the hydroxy group is maximum when it is 
alpha to the olefinic centre and that the effect decreases as the distance 
between the hydroxy group and the olefinic center increases. 

Comparison of the rate constants for allyl alcohol and 
hex-1l-en-3-o0l shows that introduction of an alkyl group on the hydroxy 
bearing carbon atom does not have any significant effect on the reaction 
rate. The small decrease in rate for hex-1l-en-3-o0l may signify 
steric hindrance by the alkyl group to the approach of the electrophile. 
This steric hindrance by alkyl groups is more pronounced in 3 ,3-di- 
methyl but-l-ene which is less reactive than hex-l-ene. 

The facilitating effect on the reaction rate by alkyl substitut- 
ents on the olefinic carbon atom is evident from a comparison of the 
rate constant for but-3-en-1l-o0l with those for Z-hex-3-en-1-ol and 
3-methylbut-3-en-l-ol. Substitution of one hydrogen of the terminal 
olefinic carbon atom in but-3-en-l-ol with an ethyl group results ina 
5.6-fold increase in the reaction rate. A similar (5.3-fold) enhance- 
ment is also observed when the non-terminal olefinic carbon atom 


carries a methyl group as in 3-methylbut-3-en-1-ol. 
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The above kinetic studies show that in monocyclic mono- 
olefin systems, introduction of a hydroxy group on the carbon atom 
alpha to the olefinic center results in a rate enhancement if the iodonium 
ion is formed cis to the hydroxy group as in cyclohexenol and cyclohepten- 
ol and in a decrease in rate if the iodonium ion is formed trans to the 
hydroxy group as seems to be the case for cyclooctenol. Also, in the 
case of olefinic alcohols of the type CHz=CHz-(CH>),-OH, the rate 
decreases as n increases whereas for bromination in methanol, water, 
acetic acid and trifluoroacetic acid and for iodination in water the reverse 


has been Ppeerved: 37b ,147 : 


The drastically reduced extent of hydroxy 
participation for bromination in trifluoroacetic acid solvent has been 
attributed to hydrogen bonding between the solvent and the hydroxy 
substitutent which reduces it nucleophilicity and hence its effectiveness 
as a neighboring rage ae The results for addition of bromine, iodine 
and iodonium nitrate are summarized in Table 6. Therefore it was of 
interest to determine the Arrhenius parameters for the addition of 
iodonium nitrate to the above olefinic alcohols to examine energetic and 
entropic effects on the additions. 

The second order rate constants for the addition of iodonium 
nitrate in 70% chloroform and 30% pyridine to various olefins and olefinic 
alcoholssare summarized in Tables.7-15. The increase in reaction 
rate with increasing temperature is evident from the tables. Although 
cyclohept-2-en-1l-ol is less reactive than cyclohex-2-en-1-ol at are 


fo) 
and below, cross-over takes place at about 10 C. 
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Table 7 


Second Order Rate Constants for the Addition of Iodonium Nitrate to 


Cyclohexene in 70% Chloroform and 30% Pyridine, k (liter mole! eye 
Temperature Conc. of Conc. of k 
(I-2Py]* NO3~ Olefin , 
ioe} (mole liter-1) (mole liter™*) 
270 0.06760 0.05021 Silinsi 0 s07 710s 
AG 0.06250 0.05028 Tene 2 0005x107” 
0 0.07770 0.04897 FeORR OMS ao 10. 
14-5 0.01650 0.01539 Pays © 0l028 x 10°" 
23 0.01765 0.01529 6.452 t0.111 x 107% 
Table 8 
Second Order Rate Constants for the Addition of Iodonium Nitrate to 
Cyclohex-2-en-1l-ol in 70% Chloroform and 30% Pyridine, 
k (liter mole7! gys aN 
Temperature Conc. of Onc. 2 of k 
ps [I-2Py]* NO3- Olefin 
(eG) (mole liter=!) (mole liter ~*) 
220 0.05130 0.04819 SG isk nes 
Th 0.06250 0.04085 AM AWE, “Se i 
0 0.04462 0.04054 TUCO ORO 1 eae] Oe 
ie 0.01650 0.01461 BMS OPO ROG 6 emOnS 
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Table 9 


Second Order Rate Constants for the Addition of Iodonium Nitrate to 


Cycloheptene in 70% Chloroform and 30% Pyridine, 


k (liter mole a, ae he 


Temperature Conc. of Conc. of k 
[I-2Py]* NO3" Olefin 
ro) i 2] . - 
(~C) (mole liter~+) (mole liter~*) 
-20 0.06760 0.05595 4.047 +0.044 x 1074 
eis 0.06690 005270 Woe 40.0412 10 -— 
0 0.04184 0.04102 4.241 +0.039 x 107? 
Z> 0.01765 0.01551 5238620307" x 1074 
Table 10 
Second Order Rate Constants for the Addition of Iodonium Nitrate to 
Cyclohept-2-en-1-ol in 70% Chloroform and 30% Pyridine, 
k (liter mole-! Be cd.) 
Temperature Goncr sof Gone of k 
C [I1-2Py]+ NO3~ Olefin 
VEG) (mole liter~!) (mole liter~*) 
-20 0.05130 0.04556 7a2O5 = 0065) eml0ne 
oie 0.06250 0.05098 BRS =a = ae 
0 0.04929 0.03937 Ons0let0727 ) xu l0ze 


ia ba | 0.01650 0.01358 Aas) B20 AO Hsy sre 146. 
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Table 11 


Second Order Rate Constants for the Addition of Iodonium Nitrate to 


Cyclooctene in 70% Chloroform and 30% Pyridine , 


k (liter Salen Seeman 
Temperature Conc. of Conc. of k 
flez PyltiNO, © Olefin _, 
Mey (mole liter™!) (mole liter ) 
22 0.05260 0.04742 3.912 £0.015 x 107° 
28.3 0.03509 0.02985 ErGROR 0.008 = 10°° 
S51 0.02106 0.01873 P.462 20.019) x 1072 
42.2 0.01983 0.01688 2525201054 4 107° 
Table 12 
Second Order Rate Constants for the Addition of Iodonium Nitrate to 
Cyclooct-2-en-1l-ol in 70% Chloroform and 30% Pyridine, 
k (liter mole! sec). 
Temperature Conca: Cone. got k 
a his2Pyile NOs Olefin , 
(eC) (mole liter-!) (mole liter~*) 
i -4 
22 0.07890 0.07070 3.811£0.066 x 10 
30s 0.05975 0.05098 1.199 £0,069 x 107° 
37 0.04992 0.03761 Pes OG ORO OMS aE! Ome 
m5) 


45 0.04819 0.03829 5e463.2,0,029) xe 10 
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Table 13 


Second Order Rate Constants for the Addition of Iodonium Nitrate to 


Allyl Alcohol in 70% Chloroform and 30% Pyridine, 


k (liter mole! ate NN, 


Temperature Concesor Conc. of k 

5 [I-2Py]* NO,” Olefin 

( C) (mole liter=!1) (mole liter ~) 

-20. 0.05115 0.04067 1,097%40.012 x 10s 

E12 0.04436 0.04053 Bee Or On 03 5io al Ome 
0 0.07770 0.04735 ON042— 0 lie x 10n> 
Tae 0.02226 0.01744 4,826+0.041 x 1074 

Table 14 


Second Order Rate Constants for the Addition of Iodonium Nitrate to 


But-3-en-1l-ol in 70% Chloroform and 30% Pyridine, 


k (liter cious: Scrat 


Temperature Cone. sof Goncs sof k 
Pi ey NN Ooe Olefin — 
inc) (mole liter=1) (mole liter ly 
=20.5 0.05115 0.04035 ONO 1502 0.0i aes 1072 
ei 0.04450 0.04136 1.685 +0.016 x 1072 
0 0.02226 0.02099 TOLMAN se Te 
14 0.02226 0.01914 - 107" 
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Table 15 


Second Order Rate Constants for the Addition of Iodonium Nitrate to 


Pent-4-en-1l-ol in 70% Chloroform and 30% Pyridine, 


k (liter mole sec7!). 
Temperature Conc. of Conc, of k 
in [I-2Py]* NO3~ Olefin 
(°c) (mole liter!) (mole liter~!) 
20755 0.05145 0.04059 3.393 +0.045 x Tome 
E135 0.05080 0.04052 78 LORS slat 
0 0.02226 OnO G42 3.979 0.025 x ti 
1403 0.02302 0.01697 PROGT eC ON02E) ml On” 


For the determination of activation parameters, both log k 
and log= were plotted against = . his gave good Arrhenius-type 
plots. Representative examples of standard and weighted least squares 
plot are given in Figures 4 and 5. 

Table 16 summarizes the calculated activation parameters 
for the addition of iodonium nitrate to various olefins and olefinic 
alcohols. The E. and Ou* values agree closely with those obtained 
by Kharasch and Crraae for the addition of 2 ,4-dinitrobenzenesulfenyl 
chloride to various para-substituted styrenes in acetic acid, whereas 
they are larger than those obtained for the addition of bromine in 
acetic acid to various para-substituted Seer pie Eo values 
are also larger than those for the addition of iodine in hexane to cyclo- 


hexene (5.3 Kceal mole ~!) and for the addition of iodine monobromide to 
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Figure 4. Plot of log k against 1/T for the addition of 
iodonium nitrate to cyclohept-2-en-1-ol in 
70% chloroform and 30% pyridine. 
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Plot of log k/T against 1/T for the addition of 
iodonium nitrate to cyclohept-2-en-1l-ol in 70% 
chloroform and 30% pyridine. 
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Activation Parameters for the Addition of Iodonium Nitrate in 70% 


Table 16 


Chloroform and 30% Pyridine. 


Substrate 


Cyclohexene 


Cyclohex-2-en-1-ol 


Cycloheptene 


Cyclohept-2-en-1-ol 


Cyclooctene 


Cyclooct-2-en-]-ol 


Allyl Alcohol 


But-3-en-1l-ol 


Pent -4-en-1l-ol 
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cyclohexene in carbon tetrachloride (8.2 Kcal mole~!)!87, On the 
other hand the AS# values are comparatively low for the addition of 
iodonium nitrate than for the addition of sulfenyl chloride or bromine. 
This may indicate that in this bimolecular reaction, there is no large 
increase in polarity in the transition state compared to the reactants. 
This is not unexpected since the reacting a ean slooen itself is 
considerably polarized as [1-2Py]*NO,~. 

The E, and AH# values for the six and seven membered 
cycloalkenes and the corresponding alcohols are similar. But itis 
apparent from the values for cycloheptene and cyclohept-2-en-1-ol that 
the alcohol requires higher activation energy and heat of activation 
for it to react withiodonium nitrate. This is more pronounced in 
cyclooctene and cyclooct-2-en-l-ol; the latter requires a much 
higher energy and heat of activation. The OS* values also lead to 
the same conclusion. The small negative values of OS ¥ for the 
alcohols compared to those for the corresponding olefins may suggest 
that the transition state can be reached only with difficulty. 

For the linear olefinic alcohols the BE, and AH * values 
increase steadily from allyl alcohol to pent-4-en-1-o0l whereas the 
AS#* values show a tendency to become less negative. This may 
suggest that the transition state for allyl alcohol is more favored both 
energetically and entropically than those for its higher homologues. 
This signifies considerable stabilization of the intermediate iodonium 
ion by the neighboring hydroxy group. This enhanced stabilization 
afforded the iodonium ion by the hydroxy group can be envisaged in a 
number of ways; participation to carbon 209, participation to iodine 


210, or participation to the slightly positively charged pyridine nitrogen 
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which may be still attached to the iodine in the transition state 21l. 
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Since no such interaction to carbon or halogen has been observed in 
137b 

the iodination and bromination of allyl alcohol , the participation 
may be to the nitrogen as in 211. 

are 

It was also observed that pent-4-en-1l-ol with iodonium 

nitrate gives a substantial amount of cyclized product. Hex-5-en-1-ol 
behaved similarly, although to a lesser extent. This result signifies 


considerable participation to the carbon by the hydroxy group in the 


transition state, al2. So it is reasonable to assume that in allyl 
al CH 
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alcohol and but-3-en-1l-ol, the hydroxy group stabilizes the iodonium 
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ion by participation to nitrogen, whereas in pent-4-en-1-ol and 
hex-5-en-l-ol, the stabilization is by participation to carbon. In the 
latter two compounds participation to nitrogen will be unfavorable 


entropically. 


CHAPTERsVI 
Addition of Bromonium Nitrate to Unsaturated Systems. 


So far we have seen the reactions of iodonium nitrate with 
unsaturated substrates of various types and structures and also the 
effect of neighboring groups in the addition reaction. The stereo- 
chemical and regiochemical outcome in these reactions were explained 
by assuming the formation of an intermediate iodonium ion. 

Hassner and peewee s ok have compared the reactivities 
of iodine azide and bromine azide and found that the former reacted 
exclusively by an ionic pathway involving a bridged iodonium ion where- 
as the latter can react either by an ionic or free radical pathway 
depending upon thenature of the solvent and the presence of oxygen. 

Since the electronegativity of bromine is larger than that 
of io Re mOrOmOoOnINiMielittate may be expected to react by both ionic 
and free radical pathways. But as in the case of iodonium nitrate in 
chloroform-pyridine, the bromine in bromonium nitrate is also 
complexed to two pyridine rings. So it was anticipated that bromonium 
nitrate will also behave like iodonium nitrate, although the higher 
electrophilicity of bromonium ion may be reflected in its relative 
reactivity towards unsaturated substrates. 

Bromonium nitrate was generated in situ by the reaction of 
bromine with silver nitrate in chloroform-pyridine. The silver 
bromide is removed by filtration and the clear light yellow solution 

CHCl, 


SeNOleL tb 1) aumeseaeeai wo on [(Br-2Py]" NO,” + AgBrt 
Pyridine 
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can be used for additions to unsaturated substrates. 
Reactions with Acyclic Terminal Alkenes. 
Reaction of bromonium nitrate in chloroform-pyridine 


with simple alkenes gave products of the type shown in equation 4. 


XK ye CHCl, 
[4] Gi==16 ree (Bre 2 Py) NOt; Roig Sete oe 
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In contrast to the addition of iodonium nitrate to hex-l-ene, which 
gave only Markovnikov-type addition products , bromonium nitrate 
gave 1-bromohex-2-yl nitrate » 213 and 2-bromohex-1-yl nitrate, 214 
in a combined yield of 49% and in a ratio of 67:33. The bromopyridin- 


jum salt produced in this reaction in 34% yield was a mixture of two 


isomers, 215 and 216 in a ratio of ca. 60:40. Assignments of 
Caer ear piers cia 2 aa gen ck 2a 
ONO Br 
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structures to these and similar products and determination of product 
ratios were done by n.m.r. spectroscopy. It was observed that 
methine protons alpha to an ONO» group absorb in the range 4.8-5.46, 
whereas protons alpha to a bromo function absorb in the range 3.8- 
4.56. The methylene protons alpha to a bromo function absorb at 
about 3.56, whereas methylene protons alpha to a nitrate function 
absorb at 4.5-5&, The presence of a pyridine group in structures 
such as 215 deshields the methylene protons alpha to the bromine by 
about 0.7-0.9 p.p.m. 

As in iodonium nitrate additions , steric factors appear 
to play an important role directing the approach of the nitrate ion and 
pyridine to the initially formed bromonium ion. Thus inthe case of 
3 ,3-dimethylbut-1-ene the bromonitrate ester 217 and the bromo- 
pyridinium nitrate 218 with the nitrate group and pyridine respectively 
at the primary position are the products obtained as clearly demon- 


Stmaveaepyithe nm. mits spectra, 


+f N 


(CH,),0— rene CH ONO, (CH3),C— Thee CH= N NO, 
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Reactions with Acyclic Non-terminal Alkenes. 

Reaction of bromonium nitrate in chloroform-pyridine with 
Z-pent-2-ene gave a mixture of 3-bromopent-2-yl and 2-bromopent-3- 
yl nitrates, 219 and 220 , in a ratio of 64:36, together with the isomeric 


bromopyridinium nitrates , 221 and 222, in a ratio of 70:30. For 


ae em — C.H— CH = CH— CH 
C2H= vas re CH, 2H ) 3 
Br ONO ONO Br 
2 2 
219 220 


=~ i 


Vy 
j te 
j aL. | ‘ee 
Y Os: ‘oe ny, 
« or 4! 7 : 
j Me re a 


. aire 
re omar lgee 


Pe ae 
wl « 


: : - A “> ) baw ¥ J 
‘4 ot il (2% p> Spal 9 1 ow on ~ & 
v1 ‘tP i le tkl Al ‘ 
an 


a2) 


the pyridinium salts, the isomer ratio was determined by comparing 
the n.m.r. intensities of the methyl (underlined in structures 221 and 


222) signals which appeared as triplets at 31.1 and 0.75 respectively. 
—~ 


CH;— CHz~ CH—CH—CH, CH CH;— CH—CH—CH, 
+ aS / 
Br UN i N Br 
S) NO NO aja 
3 3 | 
AE LZ 222 


In the case of E-4,4-dimethylpent-2-ene, the greater bulk 
of the tert. -butyl group ensures regiospecific addition of bromonium 


nitrate, the sole product being the bromonitrate ester 223, which was 


(CH3)3C ONO, 
Ba Es CH, 
223 
—“~—/ 


formed in 80% yield. No isolable yield of the corresponding bromo- 
pyridinium salt was formed in this reaction. 

2-Methylbut-2-ene with bromonium nitrate afforded the 
bromonitrate ester 224 as the major product together with a small 


yield of the corresponding bromopyridinium nitrate 225. On the other 
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hand ethyl vinyl ether, an example in which the carbonium ion involved 


is considerably stabilized gave only the bromopyridinium nitrate 226. 


Br— Ca ee O—C,H 


G) *. 


226 
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Reactions with Cyclic Monounsaturated Compounds. 

As in the case of iodonium nitrate additions , addition of 
bromonium nitrate to cyclic olefins allows a preliminary examination 
of the stereochemistry of the reaction. Cyclohexene gave the bromo- 
nitrate ester 227 in 52% yield which has a trans-diequatorial conform- 


TJ 


ation as shown by the n.m.r. spectrum. This demonstrates a trans 


Zot 228 
stereospecific addition. The corresponding bromopyridinium nitrate 


228 was formed in 31.5% yield. 
Norbornene gave nortricyclanyl bromide 229 in 50% yield 
and the expected bromonitrate ester 230 in 15% yield. They were 


readily separated by fractional distillation. No bromopyridinium 


nitrate was produced in this reaction, but a stoichiometric amount of 
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pyridinium nitrate was formed. 

Reaction of 2,3-dihydropyran with bromonium nitrate in 
chloroform-pyridine afforded in 45% yield trans-equatorial N-(3-bromo- 
tetrahydropyranosyl)pyridinium nitrate 231 mince. mi. SPeClrum Of 
which compared well with that of the product obtained in the addition of 


iodonium nitrate to 2,3-dihydropyran. As in the case of ethyl vinyl 


O iG) NO3" 
‘Bile 
231 
ether no bromonitrate ester could be isolated in this reaction. 
Reactions with Unconjugated Dienes. 
Unconjugated dienes, on reaction with one equivalent of 
bromonium nitrate, gave only mono-addition products. Thus 1 ,4- 


cyclohexadiene gave 5-bromocyclohexen-4-yl nitrate 232 in 54% 
~~ 


yield and N- [ 4-(5-bromocyclohexenyl)]| pyridinium nitrate 233 in 25% 


ONO, : 


Br Br 
Za 2 233 


or rr 


yield. The fact that a cyclic alkene is more reactive than an acyclic 
alkene in the same model towards bromonium nitrate is exemplified 
by its reaction with 4-vinylcyclohexene which gave the bromonitrate 
ester 234 in 35% yield and the bromopyridinium nitrate 235 in 40% 
yield corresponding exclusively to addition in the ring. The positions 


of bromine and nitrate groups in 234 and the bromine and pyridinium 


f 


7 - ee a . | ‘a 
A bihtatad ets 


ov 7 


Taare ak ase 


Vj LiF, 


ix tila aan 


s ‘ y sa 
7 eo ac 
: Bie ; : 
A a 
Lauao # ny 
7 j 
) jal Mf sve oioto toln 


‘bixyo(! veo tyqerbydested 


nm 
4 = : 
f ry - P nin 
joiw Liew boweqmos doit 
: - /- a . 
. 
(Gqapl 
: d eS n 
9 otaclin 6G aloha 
a] 
t 
ay 
Saal 
= 
4 i 
s r 
i 
. “ 
(10 o@ 
- - 
4 ; 1 
f 
: - < f 5 * Raa 
ae a * : ‘ ~ * 5 » 7 
ee - 2 e 
{ 
f. 4 Be | 
t (ae 1 rf 
* 
* i 
P Phe fp 4. 7 4 
af ; 1 , Is TA se 
s 
, ‘ 
Alas nT: 
“4 j 
a » 5 as 
- . a 
‘ij Cerri vi ‘bow ark J 


> ian 


| a 


= wd 


-~>- aes 
a « a? ie a 
i 


—_ 
ane 


NO, 
N 
tA Br ae Br G) 


234 235 


ow —_— 


groups in 235 on the 1 ,2-cyclohexane bond could not be assigned 
unambiguously. As in iodonium nitrate additions the marked prefer- 
ence for electrophilic additions in this case to the cyclic olefinic bond 
may be ascribed to the greater stability of the resulting bromonium 
ion. 

The addition of bromonium nitrate to norbornadiene shows 
the reduced propensity for neighboring 7% -bond participation than in 
iodonium nitrate additions. In the latter case, only products corres- 
ponding to cross-ring interaction were formed. On the other hand 
reaction of bromoniun nitrate with norbornadiene produced two bromo- 
nitrate esters and one bromopyridinium nitrate. 3-Bromo-5-norbornen- 
2-yl nitrate, 236 and tricyclo [2- Fa lee Ga Z © "]-5-bromohept-3-yl nitrate , 

—~ 


237 were produced in 16 and 29% yields respectively. They were not 
ow 


Baz 
ONO 
[Br-2Py]* NO3 7 Br 2 
$$ | + 
236 ONO 237 
os vr— 
Br N 
+ es 
NO, 
238 


142 


; - i ht) ts ‘ae ¥ 
eee ati 


hae 


separable by distillation. The structure of 236 was evident from the 
n.m.r spectrum of the mixture, which showed olefinic hydrogen 
signals at § ays (CDCI3)' 6.3. The bromopyridinium salt formed 
in 12% yield in this reaction was exclusively N- [ 3-(5-bromonortri- 
cyclanyl)| pyridinium nitrate 238; corresponding to cross-ring inter- 
acti On wr est. Nene pectrum. of 238 compared well with that of the 
corresponding iodopyridinium nitrate. 
Reactions with Conjugated Dienes. 

In contrast to the addition of iodonium nitrateto conjugated 
dienes , which gave only the iodopyridinium salts corresponding to 
] ,2-addition, the reaction of bromonium nitrate gave significant yields 
of bromonitrate esters. 

Reaction of bromonium nitrate with 2 ,3-dimethyl-1 ,3-buta- 
diene gave three products. The bromonitrate ester formed in 31% 
yield corresponded to the kinetically controlled 1 ,2-addition product, 
239. Uhusswaseevidcentmtrom, the i:m.renepeermum of the productssoon 


after isolation (Figure 6). The olefinic hydrogens absorbed as a 


se ip3 
Br—CH>— C-— C= CH, 


ONO 
2 


(558) 


rr 


multiplet at §& 5.12, while the -CH,-Br group appeared 


TMS (CDC13) 
as an AB quartet at § 3.55 and 3.85 (J=11 Hz). The methyl group 


attached to the olefinic carbon absorbed as a multiplet (allylic coupling) 


at §1.82, while the other methyl group appeared as a singlet at 61.73. 
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In addition, two pyridinium salts were also formed which 
were readily separated by crystallization. The major product is 
assigned structure 240 , corresponding to 1 ,2-addition on the basis of 
the n.m.r. spectrum, which was comparable with that of 55 formed in 
iodonium nitrate addition. Then.m.r. spectrum ofthe other 
pyridinium salt was identical to that of 56. Although the spectrum is 
consistent with either the cis, 24la or the trans structure, 241b , the 


product was shown to be an approximately equimolar mixture of both 


CH, CH 
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| 
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241a and 241 b (vide infra). 
2 ,4-Hexadiene behaved similarly. The bromonitrate ester, 


242 was produced in 19% yield. In this case the two pyridinium salts 
Tw 


243 and 244 were not separable by crystallization. 
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An interesting characteristic of these allyl nitrates is their 
tendency to rearrange tothe thermodynamically more stable 1 ,4-bromo- 
nitrates. Thus both 239 and 242 rearrange either in the liquid phase 

ow ~~ 
or in solution to 245 and 246 respectively. The rearrangement can 
, a) oT 


be followed by n.m.r. spectroscopy. Figures 6-8 show the n.m.r. 


spectra of the bromonitrate ester from 2,3-dimethyl-1 ,3-butadiene at 


different times after its isolation. Inthe case of 239 the rearranged 
CH; CH, CH, CH, 
eeepc 2 Br—CH>—~ C=C — CH5—ONO,, 
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product was a mixture of two isomers in approximately equal amounts 
as shown by high pressure liquid chromatography. Figure 8 shows 

the n.m.r. spectrum of the rearranged product. The -CH,Br groups 
appear as two singlets at bryig(CDCls): 3.97 and 4.04, while the -CHj-ONO> 
groups absorb as two singlets at 54.95 and 4.98. On this basis 
structures 245a and 245b are assigned to the products. Moreover, 

— rw 
treatment of the mixture with pyridine in chloroform at room tempera- 
ture gave 241 in almost quantitiative yield. This proves that product 
241 is a mixture of two geometrical isomers 24la and 24lb. 
ons —S —_ 

The rearranged product from 242 was predominantly the 
trans-isomer 246a as shown by the n.m.r. spectrum, although high 
sSedeaeas mk 
pressure liquid chromatography showed the presence of a minor product, 
probably the cis-isomer 246b. Then.m.r. spectrum of 246 showed 6qy4, 

eee ae ~~ 
(CDC13):1.43 (d, 3H, CH3-CH-ONO,, J= 6775 iz); 91.78 (as H4 
CH,-CH-Br, J=7 Hz); 4.65 (quint, 1H, -CH-Br, J=7 Hz); 5.5(m, 
rhe -CH-ONO,). The olefinic hydrogens appeared as an octet 
centered at § 5.92 with Jou=—cu 14.5 Hz, from which follows the 
trans-stereochemistry about the olefinic bond. 

Treatment of 246 with pyridine in chloroform gave 244 in 

~~! o— 
quantitative yield. Then.m.r. spectrum of 244 showed two identical . 
methyl groups which absorbed as a doublet at dpy4ol(CD3),SO]: 1.80. The 
+ 
other signals were at §5.8(m, 2H, 2 -CH-N&); 6.15-6.5 (m, 2H, 
olefinic hydrogens); 8.1-9.3 (m, 10H, pyridine hydrogens). 
Compounds 241 and 244, corresponding to 1 ,4-addition 
ow TS 
may be envisaged as arising by two pathways (Scheme 12). a) The 


initially formed bromonium ion intermediate 247 can open up to the 
~~ 


resonance stabilized allylic cation, 248 which can undergo nucleophilic 
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attack at theterminal carbon atom to give the thermodynamically 
more stable | ,4-addition product 249. The allylic bromine can then 
be displaced by pyridine to give 241 7 Alternatively, b) the initially 
formed allyl nitrate 239 can rearrange to the thermodynamically 
more stable 1 ,4-bromonitrate, 245. Nucleophilic displacement of 
allylic bromine and nitrate in 245 by pyridine can lead to 241 : 

To distinguish between these two possibilities , the 
reaction between bromonium nitrate and 2,3-dimethyl-1 ,3-butadiene 
was allowed to proceed for a longer time. The yield of 1 ,4-addition 
product was found to increase (ca. 8% after Ei, 16.5% after 12 h). 
Since the rearrangement of 239 to 245 is slow and since no equilibr- 
ation of benzylic center is observed inthe addition of bromonium 
nitrateto Z-f -deuterostyrene (vide infra) , it is reasonable to assume 
that products of the type 24] are-ftormed*=by path byt A similar 
mechanism may be operating in the addition of iodonium nitrate to 
2,3-dimethyl- 1 ,3-butadiene. 

As far as the mechanism of rearrangement of 239 tomza5 


~~ 


and of 242 to 246 is concerned, one can visualize two possible pathways. 
7~/ --_! 


First the bromonitrate ester 239 can ionize to the allylic cation 248 
oNS oo 


and nitrate ion which can recombine to give the more stable 1 ,4-addition 


product. Alternatively, it can proceed by a concerted mechanism 
involving a six-membered cyclic transition state 250. Sucha 
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concerted mechanism has been postulated by Hassner for the rearrange- 


ment of the allyl azide 251 to eee. Although we do not have enough 
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evidence to prove or disprove either mechanism, we feel that the 
concerted mechanism may be operating, since the rearrangement 
can proceed either in the liquid phase or in a weakly ionizing solvent 
like chloroform. 

Reaction of styrene with bromonium nitrate gave the 
bromonitrate ester 253 as the major product (49%). The pyridinium 


salt produced in this reaction was a mixture of 254 and 255 as shown 
o~ 7s 


The mixture was converted into 255in an 
ow 
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overall yield of 26.5% by treatment with potassium carbonate. 


BZ 


Wey | 


non by: 


|e) 


Reactions with Acetylenic Compounds. 

Like iodonium nitrate, bromonium nitrate was unreactive 
towards non-terminal acetylenes. With terminal acetylenes alkynyl 
bromides were formed together with a stoichiometric quantity of 


pyridinium nitrate. Thus phenylacetylene gave a 63% yield of 


he a Gls 1 


256 


ows 


& -bromophenylacetylene , 256. 
Reactions with Olefinic Alcohols. 

In Chapter III, we have seen the reactions of iodonium 
nitrate both in chloroform-pyridine and chloroform-sym-collidine 
with various olefinic alcohols which gave normal addition products 
and/or cyclic ethers depending upon the structure of the olefinic 
alcohols. The reactivity of bromonium nitrate in chloroform-pyridine 
towards a few olefinic alcohols was examined. 

Allyl alcohol on reaction with bromonium nitrate gave two 
isomeric bromonitrate esters. 3-Hydroxy~1-bromoprop-2-yl nitrate, 
Zot and 3-hydroxy-2-bromoprop-1-yl nitrate, 258 Were (Ormed ina 


combined yield of 31% and in a ratio of 69:31, as determined by n.m.r. 


The accompanying bromopyridinium salt was also a mixture of two 
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regioisomers, 259 and 260. The isomer ratio could not be deter- 
i) ~~ 
mined in this case by n.m.r. because of overlapping signals. 


But-3-en-l-ol also gave a comparable result. The bromo- 


nitrate esters, 261 and 262 were formed in 33% yield (isomer ratio 


67:33). The pyridinium salt consisted of two isomers, 263 and 264 
“~~ ~~ 
in a ratio of 85:15. 
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The reaction of bromonium nitrate with pent-4-en-1l-ol 
gives an opportunity to compare the extent of neighboring hydroxy 
group participation in this and iodonium nitrate additions. The major 
product in this case was a mixture of bromonitrate esters, 265 and 
266 formed in 29% yield and in a ratio of 67:33. The cyclic ether, 
~ 


2-bromomethyl-tetrahydrofuran, 267 was produced in only 20% yield 
ow 


as compared to 60% in iodonium nitrate addition. In addition the 
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isomeric bromopyridnium nitrates, 268 and 269 were formed in 
approximately 20% yield (ratio 60:40). 

Cyclohex-2-en-1l-ol, on reaction with bromonium nitrate 
gave a mixture of at least three bromonitrate esters in 52% yield and 
more than one bromopyridinium nitrate in 23.5% yield. Of the bromo- 
nitrates the major isomer was ay ,» Which is derived from a bromonium 


ion formed cis to the hydroxy group. Another isomer is assigned 


structure 271 which is derived from a bromonium ion formed trans to 
i Tansee > 


OH OH 
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the hydroxy group. Compound 271 had the -CH-ONO, absorption in 
the n.m.r. spectrum at& 5.14 as a quartet superimposed on a multiplet. 
The structure of the third isomer could not be assigned. 

As in the case of iodonium nitrate addition, the structures 
of the bromopyridinium salts could not be assigned unambiguously. 

3 ,3,3-Triphenylpropene was unreactive towards iodonium 
nitrate. Onthe other hand it did react with bromonium nitrate. The 
product formed in 73% yield is assigned structure 272 on the basis of 


the n.m.r. spectrum, elemental analysis and synthesis from the allyl 
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bromide, 273. The allylic bromide, 273 is one of the products formed 


—~ 
in the addition of bromine to 3 ,3 Rceieinneutineonedcwas: 


Ph,C— CH=CH 


3 2 SSP, - C—CH—CH— Br 


Ph, C=C—CH,—Br 
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Pyridine, CCl, 
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In the n.m.r. spectrum of eG , one of the phenyl groups 
was different from the other two and absorbed at about 0.4 p.p.m. 
downfield. The integration showed the presence of one pyridine per 
molecule. In addition there was a singlet at & 5.72 integrating for 
two hydrogens. This is assigned to the methylene hydrogens. 


Compound 272 may be envisaged as arising as a result of 
~~ 


phenyl migration as shown in Scheme 13. 
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Stereochemistry and Mechanism. 

The addition of bromonium nitrate to cyclohexene is stereo- 
specifically trans. In acyclic systems this was established by per- 
forming additions to three (Z) and(E)-pairs of olefins and confirmed by 
addition to(Z)-f -deuterostyrene. 

(E)-But-2-ene on reaction with bromonium nitrate in chloro- 
form-pyridine afforded the bromonitrate ester 274 and the bromo- 


pyridinium nitrate 275 in 44 and 37% yields respectively. Parallel 
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addition to (Z)-but-2-ene produced the bromonitrate ester 276 in 48% 
o/s 


yield and the bromopyridinium nitrate 277 in 29% yield. The bromo- 
ows 


Hi 
a ONO, 
3 
Br H H 
276 277 
, id ow 


nitrate esters were evidently different as shown by the n.m.r. spectra, 
so were the bromopyridinium nitrates. 

The addition of bromonium nitrate to(Z) and (9-4-methylpent- 
2-enes also gave stereoisomeric products as clearly shown by the 
Haier. Spectra. in the case of the (Z)-isomer the reaction was regio- 
specific and stereospecific in the formation of the bromonitrate ester 
2718 and the bromopyridinium nitrate 279 , whereas for the (-isomer, 


the reaction was stereospecific and regioselective. The bromonitrate 


esters 280 and 281 were produced in a ratio of 74:26. The ratio of 
cr 


od 


SS 
segs 


+l 


(CH3),C 2 (CH,),CH 


H 
Br Br H 


278 (eth) 


ons , as 


the corresponding bromopyridinium salts 282 and 283 was also approx- 
ow r~w 


imately the same as for the bromonitrate esters. 
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The reaction of bromonium nitrate with(Z) and(E)-stilbenes 
was also stereospecific in the formation of the bromonitrate esters 
284 and 286 and the bromopyridinium salts 285 and 287. 284 and 285 
aw) cw o~ ~wy ~~ ~~ 


were produced in 52% and 32% yields respectively from the(Z)-isomer 


and 286 and 287 in 21 and 63.5% yields respectively from the(E)- isomer. 
or! = 


~~ 
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To eliminate the possibility that the observed stereospecific- 
ity is due to restricted rotation in the intermediate bromocarbonium 
ions inthe additions to(Z) and(E)-stilbenes and to establish conclusively 
the trans stereospecificity of addition, the reaction of bromonium 


nitrate with(Z)-g -deuterostyrene (595% D) was performed. The 
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bromonitrate ester 288 and the alkenyl pyridinium bromide 289 were 

~~ 
isolated in 46% and 26.5% yields respectively. Inthe n.m.r. spectrum 
of 288 the methine hydrogen absorbed as a doublet at STMS ( 


(J=7.5 Hz) whereas for the protium analog 253, it absorbed as a quartet 
rd 


CDCl3): 6.0 


at Spygg (CDClz): 6.0 (J=6 Hz, 7.5 Hz). The methylene hydrogens in 


288 appeared as a doublet further split by H-D coupling at &fyyg (CDCl3): 3.62 
nS 


D 


Ph H 
Ph Br ~ 


O5,NO Aa 
288 289 


ows ow 


(J=7.5 Hz) whereas for 253 the methylene hydrogens absorbed as a 


triplet at é (CDCl): be62)(J26°(Hz-and!(253Hz); 


TMS 


THe nm iwer. spectrum of 289 was identical to that of 208 
formed in iodonium nitrate addition to (Z)-8 -deuterostyrene. 

This conclusively proves that the addition of bromonium 
nitrate to olefins is stereospecifically trans and no equilibration of 
benzylic centers occurs in the additions to aryl substituted olefins. 

The stereochemical and regiochemical outcome in the 
additions of bromonium nitrate to unsaturated substrates can be 
explained by an ionic mechanism involving the formation of a three- 
membered ring bromonium ion intemediate 290 , which is opened up 
from the backside by nucleophilic attack by nitrate ion or pyridine. 
In the case of unsymmetrically substituted olefins , there can be 


substantial contribution from the unsymmetrically bridged form 291 
o~S 


and the open cationic form 292 to permit nucleophilic attack despite 
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increased steric hindrance and to permit neighboring hydroxyl group 
attack to form cyclic ethers. The intermediate can be sufficiently 
stabilized through the bridged form 291 to maintain its stereochemical 
integrity to lead to the observed stereospecificity in additions to aryl 


substituted olefins. 


GExt2rylinose aod DNupyeldiy~s 
—_——___—_____>_> 


Na 2c ‘ 
PK Sop Sounliva nacicbns 
“Br Br 


291 292 


The observed stereospecificity in the additions to stilbenes 
and to(Z)-f -deuterostyrene and the regiospecificity in the addition to 
(Z)-A-deuterostyrene eliminate the possibility of any contribution 
from a free radical oe under the conditions in which the above 
_ reactions were performed. Free radical contribution results in non- 
stereospecific addition and a reversal of the regiochemistry as is 
observed in bromine azide and chlorine azide additions 

Like the iodonium nitrate-pyridine complex, the bromo- 
nium nitrate-pyridine complex can also be isolated as a white solid. 
Attempts to purify the material by recrystallization were not success- 
ful. Atempted drying of the complex over anhydrous calcium sulfate 


in a desiccator resulted in a violent explosion. 
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CHAPTER VII 


A Comparison of Iodonium Nitrate, Bromonium Nitrate and 


Other Pseudohalogens. 


The reactions of iodonium nitrate and bromonium nitrate 
with olefins to give halonitrate esters and halopyridinium salts and 
with olefinic alcohols to give the corresponding addition products 
and/or cyclic ethers are quite general. The isolation of substantial 
quantities of haloalkyl nitrates in the reactions of these pseudohalogens 
with olefinic substrates in chloroform-pyridine is surprising in view 
of the reported relative nucleophilicities of pyridine and nitrate (20:1 


139 


for aqueous solutions) Howeversusineesthe reported) heat jot 


hydration of thenitrate ion is -61+2 kcal (g. ven\e wane and there- 
fore comparable with that of the iodide for tea L-68 kcal (g.ion)7! 14 
Preneehe nucleophilicity ofthision mayebe expectedito)be:increased 
relative to that of the unchanged pyridine upon going to an aprotic 
solvent. No data are available for a more direct comparison. 

In all these reactions the products isolated are formed 
under kinetic control in that, the primary products do not interconvert 
to any appreciable extent under the reaction conditions. This con- 
clusion is consistent with the observed trans stereochemistry of 
addition. 

Our study indicates that iodonium nitrate and bromonium 
nitrate are electrophilic reagents , whose reaction with unsaturated 
substrates is influenced to a large extent by the steric environment 
in the olefinic substrate. This is reflected in the regiochemistry of 


the addition. When the olefinic carbon atom carries especially bulky 
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groups, the fecrming nucleophile (pyridine or nitrate ion) is forced 

to attack the intermediate halonium ion at the sterically more favorable 

but electronically less favorable carbon (e.g. 3,3-dimethylbut-1l-ene). 
The relative proportion of regioisomeric iodonitrate esters 

formed from(Z) and (E)-pairs of olefins (Table 17) shows the effect of 

alkyl substitution on the regiochemistry of addition. When the methyl 


fu 3)2 : 
and (CH,)3C- groups, the isomer in which the nitrate is attached to 


group in but-2-ene is successively replaced by -C ge -CH(CH 


the carbon carrying the smaller substituent predominates and in the 
case of a (CH3)3C- substituent, this is the only isomer formed. 

The ability of solvent pyridine to compete with the nitrate 
ion for the intermediate halonium ion appears to depend on the steric 
environment in the olefin and also on the thermodynamic stability of 
the intermediate halonium ion. Thus, for example, in the additon of 
iodonium nitrate to 3 ,3-dimethylbut-l-ene, in which the nucleophilic 
attack by both nitrate ion and pyridine occurs at the less stable but 
sterically favorable primary cationic centre, the iodonitrate ester is 
formed in 26% yield and the iodopyridinium nitrate in 49% yield. On 
the other hand in the case of (E)-4 ,4-dimethylpent-2-ene in which the 
products isolated are derived from nucleophilic attack at the electronic- 
ally more favorable secondary cationic centre, the proportion of the 
iodonitrate is considerably increased at the expense of the iodopyridin- 
ium nitrate, whichis formed only in less than 5% yield. But in the 
reaction of iodonium nitrate with trisubstituted and tetrasubstituted 
olefins , the outcome is exactly the reverse. Thus with (Z) and (E)-3 - 
methylpent-2-enes in which the nucleophile enters the sterically 


unfavorable but thermodynamically more stable tertiary cationic 
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Table 17 


(E)-pairs of Olefins. 


Markovnikov : Anti-Markovnikov 
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centre, the iodopyridinium nitrates are formed to the complete 
exclusion of other isolable products. 

Although iodonium nitrate and bromonium nitrate behave 
much the same way towards unsaturated substrates, there is some 
apparent difference in reactivity between the two pseudohalogens. 

Thus while iodonium nitrate is unreactive towards 3 ,3 ,3-triphenyl- 
propene , bromonium nitrate did react with this olefin to give a 
pyridinium salt. While for iodonium nitrate this inertness may be 
attributed to steric hindrance in the olefin, the reactivity of bromonium 
nitrate may reflect its higher electrophilicity which is able to overcome 
the steric factors. Therelative electrophilicities of these two reagents 
were compared by performing a competition reaction towards E-4,4- 
dimethylpent-2-ene. The ratio of bromonitrate and iodonitrate esters 
was determined byn.m.r. spectroscopy which was found to be approxi- 
mately 4:1. This result suggests that bromonium nitrate is at least 

4 times as reactive as iodonium nitrate. 

Pent-4-en-1l-ol reacts with both iodonium and bromonium 
nitrates to afford similar types of products. But with bromonium 
nitrate the proportion of the cyclized product is lower than with iodonium 
nitrate. This is consistent with the behaviour of pent-4-en-1l-ol towards 
iodine and bromine, where iodine gave a much larger proportion of 
the cyclic ae 

A major difference between bromonium nitrate and iodonium 
nitrateis found in their reactions with phenyl, tri- and tetra-substituted 
olefins. Bromonium nitrate gave substantial yields of the ester where- 
as iodonium nitrate gave only the pyridinium salts. With other olefinic 


systems too, the relative yields of pyridinium salts are in general 
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lower in bromonium nitrate additions than in iodonium nitrate additions. 
If we assume that it is the thermodynamic stability of the intermediate 
halonium ions which allows solvent pyridine to compete successfully 
with the nitrate, then the above results give some indication of the 
relative stability of the three-membered ring iodonium ion versus the 
three-membered ring bromonium ion. This again is consistent with 
the relative stabilities of iodonium and bromonium ions involved in 
halogen azide additions. - | 

Bromonium nitrate differs from other positive bromine 
containing pseudohalogens, for example, bromine azide, in that with 
this pseudohalogen, even additions to aryl substituted olefins is stereo- 
specifically trans. This result eliminates any contribution from an 
open bromocarbonium ion. On the other hand addition of bromine 
azide to such olefinic systems under ionic conditions results in equili- 
bration of benzylic centres suggesting involvement of an open bromo- 
Carooniumrion.» his ditierence in behaviour:may be attributed to 
complexation with pyridine in the case of bromonium nitrate. 

Iodonium nitrate compares with iodine isocyanate in its 


reactivity with olefinic substrates® ae 


ihusilike 10odinesisocyanate, 
iodonium nitrate is unreactive towards «,B-unsaturated carbonyl com- 
pounds. But it differs from iodine isocyanate in that it reacts with 
stilbenes. Also, whereas no neighboring hydroxy group participation 
is encountered in iodine isocyanate additions, reaction of iodonium 
nitrate with suitable olefinic substrates affords cyclic ethers. 

The behaviour of iodonium nitrate is to be contrasted with 


pees 
the closely related iodine nitrite or nitryl iodide . Whereas the 


former reacts as a source of electrophilic iodine, the latter reacts 
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by a free radical mechanism acting as a source of nitryl radical. 

As mentioned in the introduction, we were interested in 
preparing a series of iodoalkyl pyridinium salts and alkenyl pyridinium 
salts for biological evaluation. A good number of them, especially 
the alkenyl pyridinium iodides were found to possess significant oral 
anti-diabetic property. The results are summarized in Table 18. 

As is evident from the Table, the saturated pyridinium salts are in 
general inactive whereas the unsaturated ones are active. Although 
it is difficult to draw any structure activity correlation, the parent 
N-[ 1-(1-phenylethenyl) ]pyridinium iodide appears to be the most 
active. These data can be used to modify structures for optimum 
activity. 

Although it is difficult at this stage to draw any conclusion 
as to the synthetic potential of these reactions, they provide a satis- 
factory entry into a new class of biologically active compounds, namely 
N-L£1-(1-arylethenyl)] pyridinium salts, which are effective oral anti- 
diabetic agents. Also the reactions with cycloalkenols can be utilized 
for the stereospecific introduction of other functional groups in these 
cyclic systems. 

It would be interesting to compare the behaviour of 
chloronium nitrate-pyridine complex and also the pater itice ormthese 
compounds as the free pseudohalogens with those of iodonium nitrate 
and bromonium nitrate discussed before. It is possible that such 
investigations may throw some light on the effect of complexation with 


pyridine on the reactivities of these pseudohalogens. 
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Table 18 


In Vivo Hypo/Hyperglycemia* 


Percentage V-Increase (+) 
or Decrease (-) of Blood 


Structure Glucose effected by Summary 
Compound 
lh 2h 4h 
Threo (CH3)3C-CH-CH-CH, 3 at -10 Inactive 
I FPpy' NOs” 
I- CH,~ CH- O- CjH, 6 7 4 Inactive 
Py" NO37 


eae i] 11 PZ Inactive 
Py+tNO3° 
see -4 -5 -2 Inactive 
Pyt NO3_ 


Se 6 7 10 Inactive 


H, I 4 2 0 Inactive 
Pyt NO,” 
; 9 7 12 Inactive 
+ 
CH, =2 -4 2 Inactive 
| 
— = CH} 
C,H, 4 2 
Py* NO37 


Continued... 
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Table 18 - Continued 


Structure 


Threo CeH.— 10}; (al O2 s Sal Oya 


Ine Py) NO, 


Erythro CH3- ieee ia CH3 


Peary NO3e 


CeHs5- foe 


Py? I 
NO,” 


(p)CH3* CgHq~ CH- CHI 
Py" NO3” 


5) oe 


H Pycnie 


-C=—CH 


(m)NO,-C,H4 | , 


: —C —™ CH 
(o)Cl CH, { & 2 


Py+ I 


Percentage V-Increase (+) 
or Decrease (-) of Blood 
Glucose effected by 


Compound 

lh 2h 4h 
18 Zz. 6 

0 - 2 0 
-20 -15 -20 
-24 -20 -17 
-14 -13 -10 
- 8 -12 -10 
-27 -3] -36 

8 6 - 2 
-21 -~25 -24 
ap is) - 8 - 7 
-18 ~20 -20 


Summary 


Inactive 


Inactive 


Active 


Active 


Active 


Active 


Active 


Inactive 


Active 


Active 


Active 
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Table 18 - Continued 


Percentage V-Increase (+) 
or Decrease (-) of Blood 
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Structure Glucose effected by Summary 
Compound 
lh 2h 4h 
(m)C1-CpH,-C — CH, -20 -20 -24 Active 
Py? I- 
SUE aie — CH, -13 -15 -15 Active 
rye 
Er es — CH, 0 - 3 - 7 Inactive 
Pyt I- | 
a har ae — CH> -ll , - 8 - 9 Active 
Py’ I 
AT - Ac 
V percentage = 
Control Blood glucose value at that hr. 
AAT = Change from zero time in experimental rats. 


Q\C = Change from zero time in control rats. 


* These tests were carried out by Dr. R. Cramer of SK&F. 


; : 
beundth 19D - a 


{ i he 
ag a 
¢ } 
‘ 
~~ 
coal 
ct * 
2 * 
~ 
"> ad pot caw 
- 
- 
e 
- » 
i 9 - 
. ka 
— —S5 


: on 


i* 


if ‘ "| 


4 =) " ; 
ws A s rl 
J a 2 


“4 ual : 


A ‘ 7 i os E Ps aoe . aed 

bs s ’ — : ™ jalt) a _ ay ? 

yd we beitten o19w eee? eaeds 
AG a 7 ; 


1 


a ; 7 n 


hg by 


CHAPTER VIII 
Experimental 


Melting points were determined on aFisher-Johns 
apparatus and are uncorrected. Thei.r. spectra were recorded on 
a Perkin-Elmer model 421 Spectrophotometer , and only the principal, 
sharply defined peaks are reported. Then.m.r. spectra were 
recorded on a Varian A-60 and A-100 analytical spectrometers. 
The “ae were measured on approximately 10-15% (w/v) solutions 
in appropriate deuterated solvents with tetramethylsilane as standard. 
Line positions are reported in ppm from the reference. Mass spectra 
were determined on an Associated Electrical Industries MS-9 double 
focussing high resolution mass spectrometer. The ionization energy, 
in general, was 70 eV. Peak measurements were made by comparison 
with perfluorotributylamine at a resolving power of 15000. Kieselgel 
DF -5 (Camag, Switzerland) and Eastman Kodak precoated sheets were 
used for thin layer chromatography. 

The g.c. analyses were performed with an Aerograph 
model A-700 gas chromatograph. Thel.c. analyses were made with 
a Waters Associates model ALC-100 liquid chromatograph. Micro- 


analyses were carried out by Mrs. D. Mahlow of this department. 
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General’ Procedure for the Reaction of Iodonium Nitrate with Unsaturated 
Hydrocarbons. 

Silver nitrate, 6.8 g (0.04 mol) was dissolved in a mixture 
of 50 ml of anhydrous chloroform and 15 ml of anhydrous pyridine. 
Iodine monochloride, 6.5 g (0.04 mol) in 20 ml of dry chloroform, 
was added dropwise to the stirred solution. The silver chloride 
produced was collected and washed with a mixture of 10 ml of chloro- 
form and 10 ml of pyridine. 0.04 mol of the olefin was added all at 
once to the yellow filtrate. The mixture was stirred at room temper- 
ature for 3 h, then poured into an excess of ether and chilled. The 
resulting precipitate was collected and the filtrate concentrated in 
vacuo. The oil obtained was taken up in 50 ml of ether and washed 
with 50 ml of 5% cold hydrochloric acid to remove pyridine and then 
with 25 ml of cold water to remove any remaining pyridinium salt. 

If the ether solution was colored with iodine, it was washed with 20 ml 
of 5% sodium thiosulfate solution and then with 20 ml of water. The 


ether layer was dried (MgSO,) and evaporated in vacuo. Further 


B) 
purification of the iodonitrate ester so obtained was effected by 
distillation under reduced pressure. 

The ether insoluble residue after washing several times 
with ether was extracted with a 50:50 mixture of ethanol:isopropanol 
and filtered. Ether was added to the filtrate dropwise until the 
solution turned cloudy. The solution contained in a small beaker 
was placed in a larger beaker containing a little ether, the large 
beaker was covered with plastic film and kept in the refrigerator 


overnight. The resulting precipitate was collected and washed with 


ether containing a little ethanol and then with ether to afford the 
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iodopyridinium nitrate. In a few instances, when the iodopyridinium 
salt was difficult to purify and very dark in color (contamination with 
iodine and tarry materials), the purification was carried out by 
chromatography on silica gel, eluting with CHCl, , 5% CH,0H in 


CHCl, (v/v), 10% CH,0H in CHC1,(v/v) , and 30% CH,OH in CHCl 


3 3 
(v/v), the iodopyridinium salt being collected with the last mixture 
of solvents. 

The spectral and analytical data for the podemiaete esters 
and iodopyridinium nitrates obtained from different olefins are 
summarized in Tables 19-22. 

General Procedure for the Zinc-Copper Couple Reduction. 

The iodonitrate ester (0.006 mol) was added dropwise to 
a stirred mixture of 1.5 g of zinc-copper couple (Alfa Inorganics) and 
25511, of glacialacetic acid at room temperature and left stirring over- 
night. Then, the solid was filtered off and washed with a small amount 
of ether. The liquid was poured into a mixture of ether and water and 
solid sodium bicarbonate was added in portions until the solution was 
completely neutralized. The ether layer was removed and the aqueous 
layer extracted with more ether. The combined either extracts were 
dried (MgSO 4) and the solvent removed in vacuo. The resulting liquid 
showed no covalent nitrate absorption in the i.r. spectrum but the 
presence of hydroxy group. The product was reduced without further 
purification with excess of lithium aluninum hydride in ether and the 
resulting alcohols identified by compariosn of their g.c. retention times 


and i.r. andn.m.r. spectra with those of authentic samples. 
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General Procedure for the Reaction of Iodonium Nitrate with Terminal 
Alkynes. 

The procedure was similar to that described above. 
Addition of ether to the reaction mixture resulted in the precipitation 
of an equivalent amount of pyridinium nitrate which was collected. 

The remaining solution was concentrated in vacuo and the residual oil 
distilled. 

General Procedure for the Preparation of N-L1-(1-Aryl)ethenyl J - 
Pyridinium lIodides from Styrenes. 

Iodonium nitrate (0.04 mol) was prepared in 60 ml of 
chloroform and 25 ml of pyridine. The styrene (0.04 mol) was added 
all at once to the stirred solution. The mixture was stirred at room 
Pemipecratunertormocco 35 h and then poured into a mixture of water and 
ether. The aqueous layer was separated, washed several times with 
ethereand theyethermdiscarded™s g.A4 control experiment with styrene 
showed that the water soluble material was a mixture of uneliminated 
pyridinium salt, eliminated pyridinium salt and pyridinium nitrate 
which were not separable by usual purification procedures. There- 
fore the aqueous solution was treated with approximately 8 g of solid 
potassium carbonate and extracted several times with ether and the 
ether discarded. The solution was adjusted to pH=7 with dilute nitric 
acid and evaporated to dryness in vacuo. Ether was added to the 
ethanol solution of the residue till the solution turned cloudy. Crystal- 
lization by the method described before gave the N-[1-(1 -aryl)ethenyl] - 
pyridinium iodide. 

The n.m.r. data for the N-[1-(1-aryl)ethenyl_ pyridinium 


iodides thus prepared are summarized in Table 23. 
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Addition of Iodonium Nitrate to D-Glucal Triacetate in Chloroform- 
Pyridine. 

To a solution of iodonium nitrate (0.02 mol) in 35 ml of 
chloroform and 12.5 ml of pyridine was added 4.9 (0.018 mol) of 
D-glucal triacetate. The mixture was stirred at room temperature 
for 3h; then poured into an excess of ether and chilled. The resulting 
oily residue was collected. Evaporation of the filtrate in vacuo did not 
give any identifiable material. 

The ether insoluble residue after washing several times 
with ether was extracted with hot chloroform. The residue was 
extracted with cold methanol and filtered. Crystallization was effected 
by the addition of ether whereupon 2.85 g (29%) of N-L2-(3-iodo-4,5,7- 
triacetoxy)tetrahydropyranosyl pyridinium nitrate 42, m.p. 164-166° 
was obtained. 

hein: mareespecthunmi ae Spxrc [(CD3),SO]: 8.4-9.4 (m, 
5H , pyridine hydrogens); 6:73,(d, 1H, anomeric hydrogen a » Jy is 
DOez) o5: 62i(aalH a Pl y= 10iFize J, 05-965 Hz)395.21 {t, 1H, H°, 
Sea de,eomoz)s64 69 (4 1H, H7,835N,=3,94-10 Hz); 4.4 (m, 1H, 
H°); 4.19 (m, 2H, -CHz-0); 2.0-2.98 (3s, 9H, 3 CH,COO). 


oheriexr ses pectrum, Y (KBradise):) £1745a EO): 


max. 
1630 cm™’ (ONO,°). 
The chloroform solution was concentrated in vacuo and 
chromatographed on florisil and eluted with CHCl,, 5% CH,0H in 
in CHCl, (v/v), 10% CH30H in CHCl, (v/v), and 15% CH,0H in CHCl, 
(v/v). Evaporation of the last fraction gave 43 and 44,2.7 g (27%). 
The n.m.r. spectrum: ooMs (CD3),SO ae OF OUsd. 


anomeric hydrogen, J=10 Hz); 6.56 (d, anomeric hydrogen, J=6 Hz). 
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In another run, the chloroform solution was concentrated 
in vacuo. Crystallization of the oily residuefrom ethanol:ether gave 
3 g (30%) of 42. 

Reaction of Iodonium Nitrate with 2 ,3-Dimethyl-1 ,3-butadiene in 
Chloroform-Pyridine. 

To a solution of iodonium nitrate (0.04 mol) in 60 ml of 
chloroform and 25 ml of pyridine was added 3.28 (0.04 mol) of 2 ,3- 
dimethyl-1 ,3-butadiene all at once. The mixture was stirred at room 
temperature for 3 h; then poured into an excess of ether and chilled. 
The resulting precipitate was collected. Evaporation of the filtrate 
in’ vacuo did not give any identifiable material. 

The ether insoluble residue after washing several times 
with ether was extracted with ethanol at room temperature and filtered. 
Ether was added dropwise to the filtrate till it turned cloudy. Cry- 
stallization by the method discussed before gave 8.4 g (60%) of N-L3- 
(4-iodo-2 ,3-dimethyl)butenyl ]pyridinium nitrate 55. m.p. 106-108". 

Ata Galcd. Lot C1 1H) 5N 2031: Grae (23H 432; 
ion U0 Hound: 9C ate O. be A Ose. Niet od Lis 

The n.m.r. spectrum: Sus [(CD3),SO]: Pod (seeoll 
CH,-C=C); 2a ele ott, CH,-C-NE Pee 9a eral Ba -CH,]); Safes. 
(s, 1H, one olefinic hydrogen); 5.41 (m, 1H, other olefinic hydrogen); 
8.2-9.5,(m_, obi. pyridine eee) : 

The ethanol insoluble residue was extracted with hot 
methanol and filtered. Addition of ether and filtration gave 0.8 g 
(5.5%) of N,N'-(1 ,4-(2 ,3-dimethylbut-2-enyl) Jdipyridinium dinitrate 


56. m.p. 261-263" (dec.). 
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Anal. Calcd. for CigHaoN4O,¢: C, 52.97; H, 5.49; 
Nags FE OunGs)) G.752.43° H 551° N:, 15.33. 

The n.m.r. See S TMS [(CD,),SO]: 1.82 (s;°6H, 
2 -CH3); 5.4(s, 4H, -CH,-N<); 7.9-8.8(m, 10H, Py). 
General Procedure for the Reaction of Iodonium Nitrate with Phenols 
and Anilines. 

The procedure was similar to that explained before. 
Addition of the reaction mixture to an excess of ether resulted in the 
precipitation of an equivalent amount of pyridinium nitrate which was 
collected. The filtrate was concentrated in vacuo and the residual oil 
taken up in ether. The ether extract was washed with water, sodium 
thiosulfate solution and then with water. Evaporation in vacuo after 
drying (MgSO,) gave the iodinated compound. Purification was 
effected either by crystallization from a suitable solvent or chromato- 
graphy onflorisil. 

The analytical and spectral dataforthe iodinated compounds 
thus prepared are summarized in Tables 24 and 25. 
General Procedure for the Reaction of lodonium Nitrate with 
Unsaturated Alcohols. 

The procedure in chloroform-pyridine was similar to 
that discussed before. When the reactions were carried out in chloro- 
form-sym-collidine the following procedure was adopted. The reaction 
mixture was added to sufficient ether to precipitate the collidinium salt. 
The precipitate was collected and the ethereal layer was washed several 
times successively with (a) cold hydrochloric acid (5%) saturated with 


sodium chloride, (b) saturated aqueous sodium chloride, (c) sodium 
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bicarbonate (5%) saturated with sodium chloride until neutral, and 
finally (d) saturated sodium chloride solution containing sodium thio- 
sulfate. The ether layer was dried (MgsSO,) and concentrated in vacuo. 
The residual oil was distilled under reduced pressure. 

The iodopyridinium salts were aera by the crystallization 
procedure described before. The analytical and spectral data on the 
products thus obtained are summarized in Tables 26-30. 

Base Catalyzed Cyclization of 1-lodo-4-hydroxy-4 ,4-pentamethylene- 
but-2-yl Nitrate. 

To a stirred solution of 7.1 g (0.0215 mol) of 1-iodo-4- 
hydroxy -4 ,4-pentamethylenebut-2-yl nitrate in 50 ml of ether was 
added 2.25 g (0.04 mol) of powdered potassium hydroxide. The 
mixture was stirred at room temperature overnight and then filtered. 
The ether solution was washed with 25 ml portions of water twice and 
dried (MgsO,). Removal of the ether in vacuo gave 3.8 g (88%) of 
5 ,5-pentamethylenetetrahydrofuran-3-yl nitrate 103, which was purified 
by distillation under reduced pressure. b.p. 66-67°/0.07 mm. 

Anal. Calcd. for CgH), 5NO,: molecular weight 201.1001 
Gees 727) Hele 4o-eNy Gror. . Hounds .Mi(mass spectrum), 201.0995. 
O39 7 eg (a3 UN » 6.822 

The n.m.r. spectrum: g§us(CP C3): La57(broad 5s), 
10H, cyclohexane ring hydrogens); 1.9-2.15 (m, 2H, -CH,-); 4.7 
Cie CEL, ~CH, -O); shel eere tle -CH-ONO,). 

Thei.r. spectrum: Yea ait (iqnidefil ta )m.O3.00 2.7.5 cme 


(-ONO3). 
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Addition of Iodonium Nitrate to Pent-4-en-1-o0l in Chloroform - 
Pyridine. 

To a solution of iodonium nitrate (0.02 mol) in 30 ml of 
chloroform and 12.5 ml of pyridine was added 1.55 g (0.018 mol) of 
pent-4-en-1-o0l, the mixture stirred at room temperature for 3 h and the 
then poured into an excess of ether and chilled. The precipitated 
pyridinium nitrate was collected and the filtrate concentrated in vacuo. 
The residual oil was taken up in ether and washed successively with 
40 ml of cold 5% hydrochloric acid, 25 ml of water, 25 ml of 5% sodium 
thiosulfate solution and finally with 25 ml of water. The ether layer 
was dried (MgSO,4) and concentrated in vacuo. The residual oil was 
chromatographed on 75 g of florisil and eluted with petroleum ether: 
chloroform (9:1) and then with chloroform:methanol (9:1). Evaporation 
of the first fraction gave 2.29 g (60%) of 2-iodomethyltetr ahydrofuran 
LOS: 


r—~ 


The n.m.r. spectrum: 6,,),.(CDCl3): 3.25 (d, 2H, 
-CH,-I, Jo Othe e-1S 2 23h. ASE 2 -CH,-); > -4 AMNinre PSHeecHH-o, 
-CH.,-O). 

Evaporation of the second fraction gave a mixture of 
5-hydroxy-1-iodopent-2-yl nitrate 106 and 5-hydroxy-2-iodopent-1-yl 
nitrate 107, 0.3 g (6%). 

———<—— 
General Procedure for the Reaction of Iodonium Nitrate with 2-Allyl- 
phenols in Chloroform-Pyridine. 

The reaction was carried out by the general procedure 
described before. The oil obtained on evaporation of the dried (MgSO,) 


ether solution was chromatographed on florisil and eluted with hexane: 


benzene (85:15) and (1:1). Evaporation of the first fraction gave the 
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cyclic ether and evaporation of the second fraction gave the iodonitrate 
ester. 
Addition of Iodonium Nitrate to Hex-5-en-1l-ol in Chloroform-Pyridine. 

The reaction was carried out by the general procedure 
described before. The oil obtained on evaporation of the dried (MgSO,) 
ether solution was chromatographed on florisil and eluted with 
petroleum ether:chloroform (1:1) and then with chloroform:methanol 
(9:1). Evaporation of the first fraction gave 0.7 g (17%) of 2-iodo- 
methyltetrahydropyran Lis 

The n.m.r. spectrum: bMS (CDC1,): 35.23.18 tn2bL > 
aC i5ol); OF 8-235 im OHS 5GHQ5); Btls ah Uta oh, -CH, -O); 3.9- 
4225 (rm. 1H..-CH-O). 

Evaporation of the second fraction gave 1.115 g (21%) of 
6-hydroxy-1-iodohexyl nitrate M3. 

The ether insoluble residue was extracted with ethanol and 
a small amount of ether added. The precipitated pyridinium nitrate 
was collected and more ether added tothe filtrate. The resulting oil 
was separated by decantation and the excess solvents removed in vacuo 
to afford 2.6 g (39%) of N-L 2-(6-hydroxy -1-iodohexyl) ] Agtelingnane 
nitrate i4 asgan, O11. 
Addition of Iodonium Nitrate to 4-Pentenoic Acid in Chloroform- 
Pyridine. 

The addition was carried out as described before. Thus 
reaction of iodonium nitrate (0.04 mol) in 60 ml of chloroform and 25 
m1 of pyridine with 3.6 g (0.036 mol) of 4-pentenoic acid and work-up 
by the usual procedure gave 4.9 g (60%) of 5-iodomethylbutyrolactone, 


131. Purification was effected by chromatography on florisil and 
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elution with chloroform. 

Anal. Caled. for C5H70,1 (mol? wit8225. 9491): iC »26.56; 
Pie ort Ogi 5G. Ze par ound: (22579486, mass spectrum), C, 27.01: 

Big aseilS 5 ol 56.28, 

The n.m.r. spectrum: 6 pygg(CDCl,): 7-2 elmer, 
29-CH>-); 3.4 (ty .2H,,-CHol,, J=4 Hz,.6:5 Hz);,.4:6(m; 1H,,-CH-O).. 

The i.r. spectrum: Yeo (liquid: film):.¢ L775 cm7! (>C=O). 
Endo-cis-5-Norbornene-2 ,3-dim ethanol As. 

32.8 g (0.2 mol) of endo-cis-5-Norbornene-2 ,3-dicarboxylic 
anhydride was esterified by refluxing in 175 ml of methanol in the 
presence of a catalytic amount of concentrated sulfuric acid for oY days. 
Work-up by the usual procedure gave 38.2 g (91%) of endo-cis-dimethyl- 
5-norbornene-2 ,3-dicarboxylate. b.p. 104°/0.5 mm. 


5 


The n.m.r. spectrum: & (CDCl,): 6.23 (t, 2H, HH”, 


TMS 
AO Bladen cattee -GHa)eedad (a, 2HECHAAIE , Jpag=l RSG z)en'S. 2 


i 
Laanicay. 


(m, 2H, H!, H*); 1.4 (m, 2H, 

Reduction of 21.0 g (0.1 mol) of endo-cis-dimethyl-5-nor- 
bornene -2 ,3-dicarboxylate with 4.56 g (0.12 mol) of lithium aluminum 
hydride in 100 ml of refluxing tetrahydrofuran by a literature ae aoe ese ae 
gave 10 g (65%) of endo-cis-5-norbornene-2 ,3-dimethanol 118A. m.p. 
84-85° (lit., m.p. 86°). 

The n.m.r. spectrum: 6 pyglCPCls): GeO teeelis Hee 
+H): 4.53 (s, 2H, 2 -OH); 3.5 (m, 4H, 2-CH,-O \e 2-2 itr 22H? ise ; 
H*); 2.5(m, 2H, H2, H°); 1.4(m, 2H, H’, H”). 

Similarly reduction of the diester with lithium aluminum 


deuteride gave endo-cis-5-norbornene-2 ,»3-dimethanol-d, ~218Bi(55%).. 
mectnaren | qasanGen ee 


m.p. 85°. 
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Addition of Iodonium Nitrate to endo-cis-5-Norbornene-2 ,3-dimethanol 


in Chloforom-Pyridine. 

Reaction of iodonium nitrate (0.03 mol) in 40 ml of chloro- 
form and 20 ml of pyridine with 4.16 g (0.027 mol) of endo-cis-5-nor- 
eee eae ,3-dimethanol at room temperature for 25 h and work-up by 
the usual procedure gave the cyclic ether 121A. Yield 5.58 g (74%) . 


Purification was effected by recrystallization from ether-hexane. 


m.p. 54.5-55.5°. 


Analwcaica, for CoH) 3051 (ToOtewle tc 2ool)s) Cy 38.56; 


wes Ose seround: (219.9971, mass spectrum), , 37.67; HH, 4168: 


The n.m.r. spectrum: & (CDCl.): See text. 
TMS 3 


Phe iene spectrum: yee (GHGl 


3) 
Similarly reaction of endo-cis-5-norbornene-2 ,3-dimeth- 
anol-d, with iodonium nitrate gave 121B (70%). 
Trans-5-Norbornene-2 ,3-dimethanol, 120. 
eee CO r 
Diels-Alder condensation between cyclopentadiene (14 ml) 
and 17.28 g (0.12 mol) of dimethyl fumarate in 200 ml of benzene at 
5°C for 24h gave 22.8 g (91%) of trans-dimethyl-5-norbornene-2 ,3- 
O 
dicarvoxylate. bap. 90-91°/0.04 mm. Steg oe, PAO 
Then.m.r. spectrum: §  (CDCl3): 6.2(m, 2H, H?, 
TMS 


1 2 


#7}. et 7 Soe! Wat 2 Pesess ml Soe eee. 163 (me 


7' 
Drei (Ene yaseos © 3075 (26) 6H 2°-CH 4) 


Reduction of trans-dimethyl-5-norbornene-2 ,3-dicarboxyl- 


ate, 5.0 g (0.0238 mol) with 1.5 g of lithium aluminum hydride in 


3620, 3450 cm™! (-OH). 
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ideveceal yore refluxing tetrhydrofuran by the procedure described before 
gave 2.7 g (72.5%) of trans-5-norbornene-2 ,3-dimethanol. b.p. 120- 
121°/1 mm (lit. , b.p. 132-136°/3 mm)! 65, 

Tne memory spectrum? + § SC eae ct 4H 


2 i] 
Fie Liowhari) <a rieh) 42 86-18 J ih eri e2 CH,-OH, H’ 


? H4); 671 (m, 
> 
Zhe « , He)S 


Addition of Iodonium Nitrate to trans-5-Norbornene-2 ,3-dimethanol 


in Chloroform-Pyridine. 

Reaction of iodonium nitrate (0.02 mol) in 30 ml of chloro- 
form and 15 ml of pyridine with 2.772 g (0.018 mol) of trans-5-norbor- 
nene-2,3-dimethanol at room temperature for 3 h and work-up by the 
usual procedure gave-4.315 g (86%) of the cyclic ether 123. 

Then.m.r. spectrum: 6&6 Vis (CD Cr \eueiet -2eimi 6H, 


it 
] 6 5 4 Fe 7a 


Poe ee oie wii ati elie) ese oo (ds Ali” ClHslyU cA Aaco hh ag WAN re he al 6 


37,.la 
(ied tC O ee, epics Hz). 

Wied eekepectcuns V nay (liquid film): 3400 cm7! (-OH). 
Para-Nitrobenzoylation of Cyclic ether 123. 

Tora solutiono! 07650' 9 (2732.mrmol) “of 123 and *O'P2oveg 
(3 mmol) of pyridine in 25 ml of anhydrous benzene was added a solution 
of 0.431 g (2.32 mmol) of para-nitrobenzoyl chloride in 10 ml of anhydr- 
ous benzene dropwise and the mixture stirred at room temperature 
overnight. The precipitated pyridinium chloride was collected 
and the filtrate washed with 20 ml of 5% sodium bicarbonate solution 
and then with 20 ml of water. Removal of the solvent in vacuo after 
drying (MgSO4) gave an oil which was crystallized from benzene- 


hexane to afford 0.7 g (70%) of the para-nitrobenzoyl derivative 124. 


m.p. 105-105.5°. 
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Anal Galtcds. for CoH, gNO;I: (Orn tt: a Ahh Gree Pee 


Dire Ome cOuUnd sGrma5) loc. 183 74: Ni. 3429. 


The n.m.r. spectrum: 6 7ms (CDCl): aie 2. ool abl , 
Pee ore OMe) a) -7(a sini 1Giiet, te? He), 3.8 (a, 21. 
Oni 2. eee (dae CH, -O-C--) J-8.117):, 4.8 (d, 1H, 
CH-O, J=4.5 Hz); 8.35 (m, 4H, aromatic hydrogens). 

bese tes Dectrum: 


Vee UISHOLNS ee ele e[ omete 


PS ears (-NO,). 
Exo-cis -5-Norbornene-2 ,3-dimethanol, 119. 

Endo-cis-5 -norbornene-2 ,3-dicarboxylic anhydride was 
isomerized to exo-cis-5-norbornene-2 ,3-dicarboxylic anhydride 
thermally according to a literature Secon eae mee) 20-14 1 


(lit... m.p.,140-142°), 


Exo-cis-5-norbornene-2 ,3-dicarboxylic anhydride, 14.6 g 


(0.089 mol) was esterified in 100 ml of refluxing methanol according 
to the procedure described before to afford 17.8 g (95%) of exo-cis- 
dimethyl-5-norbornene-2 ,3-dicarboxylate. b.p. 90-91°/0.05 mm. 

5 


The n.m.r. spectrum: bus (CDC1,): 6 a20(ts 2H: 


Siig” AeA s ast PE CHa) aes ra 2E , Sip tere aden Grete tnee 8 Thee 


H 
2.15,1.5(m, 2H, H’, H?), 

Exo-cis -Dimethyl-5-norbornene-2 ,3-dicarboxylate, 10 g 
(0.0476 mol) was reduced with 2.28 g of lithium aluminum hydride in 
70 ml of refluxing tetrahydrofuran according to the literature procedure 
mentioned before to yield 6 g (82%) of exo-cis-5-norbornene-2 ,3- 
dimethanol, 119A. b.p. 112-113°/0.05 mm (lit., b.p. 130-134°/ 
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The n.m.r. : : a? 
en.m.r. spectrum: orMS (CDC1,): Ghee? (WAN st 


6 
H); 3.7(m, 4H, 2 -CH,-0); 2.55(m, 2H, H', H*); 1.8(m, 2H. 4 
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Similarly, the diester was reduced with lithium aluminuin 
deuteride to afford exo-cis-5-norbornene-2 ,3-dimethanol-d, . 1195 


(80%, >95% D). 
5 


5] 


he mem ors. spectrum: bus (Gly Or cat eckt 
1 7 


6 
aie? Soi raeor ie bet); 1.8 (2, 20, H2, 13); 1.32 (m, 2H, H’, 


aay: 4.7 (s;,'2H £2°-OH). 
Addition of Iodonium Nitrate to exo-cis-5-Norbornene-2 ,3-dimethanol 
in Chloroform-Pyridine. 

The reaction was carried out as before with iodonium 
nitrate (0.02 mol) in chloroform-pyridine and the olefinic alcohol, 
eer i2eo) (0,015 mio] Ree he: oil obtained aiter“evapor ation’ ofthe dried 
(MgSO4) solution was chromatographed on florisil and eluted with 


chloroform, chloroform-methanol (19:1) and chloroform-methano! 


(9:1). Evaporation of the last fraction gave 2.45 g (40%) of the addict. 


126A , which was recrystallized from chloroform-hexane. m.p. 
86-88. 


Anal t+Galcd?*for CoH, ,NOcI: 64631539 MP OSsaNe 4s 08. 


round. * & Ge, 23503 Se 8s 99> ON, 3.75: 


Phe tiorret ies DECtr Uin: 
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PERCH) 4O \o- GH 1mm (mers CH-ONO,). 
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The i.r. spectrum: 1 ee (CHC1,): 3600, 3430 cm 


(-OH); 1637 (O-NO,) : 
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Similarly reaction of 1.386 g ( 9 mmol) of exo-cis-5-nor- 


bornene-2 ,3-dimethanol-d, with iodonium nitrate (0.01 mol) in chloro- 


form-pyridine and work-up by the method described above gave 1.13 g 


(36%) of the adduct 126B. 
co 


The n.m.r. spectrum: 6& S (CDC1,): 175-2.6(m, 6H, 


TM 
ees 
Par Waa ae ican 3282 (t) LSE CH 1958 Stat AE 


~CH-ONO,). 
Anti-7-Norbornenol, jez. 
This compound was prepared according to a literature 
170 : , 
procedure . Then.m.r. spectrum was identical to that reported. 
Addition of Iodonium Nitrate to Anti-7-Norbornenol in Chloroform- 
Prange; 

The reaction was carried out according to the general 
procedure,.. Thus reaction ofjiodonium nitr atei(0.01 mol)iand.0.99 ¢g 
(0.009 mol) of anti-7-norbornenol gave 2 g (74.3%) of anti-7-hydroxy- 
exo-3-iodo-endo-norborn-2z-yl nitrate ies. 

Dhen.m. ree pectrum: ote (CDC1,): EON (ay, 
4H, 2.-CH,-);. 2.2(s, 1H, -OH);) 2.6(m, 2H, i Whriks ee aoutaiel i 
aCH A 9329 1 Z)jed18.(r Hepes CH-OH); 5.6(m, 1H, -CH-ONO,). 

i hetivreespeotnum: (o)/ (CH Cle) aen3600 cm7! (-OH), 

max 3 
1637, 1275 cm! (-ONO,). 
Para-Nitrobenzoylation of Adduct 128. 

The reaction was carried out as described before. Thus 
from 1g (3.344 mmol) of adduct 128 and 0.625 g (3.344 mmol) of 
para-nitrobenzoyl chloride was formed 0.77 g (51 .4%) of anti-7-para- 


nitrobenzoyloxy -exo-3 -iodo-endo-norborn-2-yl nitrate, 129. m.p. 
ss c—~ 


119- 20; (benzene-hexane). 
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Anal. Calcd. for C4H, 3N,O7I: DD ae Ne Oe 


Found: CeesGn065 a2 Iasi Ns. Oe 

The n.m.r. spectrum: SMS (CDCl,): 1.45-2.25 (m, 
Bienen Cito \eeeeetniectyeH yh s)i0 375 td el ee CHal s y23! Fiz); 
5.6(m, 2H, CH-ONO,, -CH-0-cZ° ). 

Thera, 6 pectrum: Vane (CHC1,): 1733 cm7) ( >C=0); 
1645 cm"! (-ONO,); 1525 (-NO)). 

Preparation of Iodonium Nitrate-Pyridine Complex. 

Iodonium nitrate (0.04 mol) was prepared in 50 ml of 
chloroform and 25 ml of pyridine. The solution was poured into an 
excess ofether and chilled. The resulting precipitate wat collected 
and washed several times with ether. Repeated recrystallization of 
the solid from anhydrous acetonitrile or acetonitrile-ether gave llg 
(79%) of iodonium nitrate-pyridine complex, 134 as a crystalline 
Sone nrep i281 31 Varo me Pe Tse tyes 


Anal. Calcd. for Ci gH 0N303!: Colic nl Fete Se Word Gay aad SR Se 
Newictte | Found:- ©,-34.25;, H,3.19; N, 10.56. 

Addition of Iodonium Nitrate-Pyridine Complex to (E)-44-Dimethyl- 
pent-2-ene in Dimethyl Sulfoxide. 

A mixture of 3.47 g (0.01 mol) of iodonium nitrate- 
pyridine complex, 0.98 g (0.01 mol) of (E)-4,4-dimethylpent-2-ene and 
20 ml of anhydrous dimethyl sulfoxide was stirred at room temperature 
for 5h, and then poured into a mixture of water and ether. The ether 
layer was removed and the aqueous layer extracted with a small 
amount ofether. The combined ether extracts were washed succes- 


sively with 50 ml of water, 40 ml of 10% sodium thiosulfate solution, 


50 ml of water, 40 ml of 5% hydrochloric acid and then with 50 ml of 
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water. Drying (MgSO,) and removal of the solvent in vacuo gave 1.7g 
(60%) of erythro-3-iodo-4 ,4-dimethylpent-2-yl nitrate, US 55880 -mps 

48 .5-50°/3.4 mm. 

Addition of Iodonium Nitrate-Pyridine Complex to(E)-4,4-Dimethyl- 
pent-2-ene in Acetonitrile. 

A mixture of 3.47 g (0.01 mol) of iodonium nitrate- 
pyridine complex, 0.98 g (0.01 mol) of (E)-4,4-dimethylpent-2-ene and 
20 ml of anhydrous acetonitrile was stirred at room temperature for 
3h and then concentrated in vacuo. The residue was extracted with 
ether. The ether extract was washed successively with 20 ml of water, 
20 ml of 5% hydrochloric acid and then with 20 ml of water. Drying 
(MgSO,) and removal of the solvent in vacuo gave 2.6 g (91%) of erythro- 
3-iodo-4 ,4-dimethylpent-2-yl nitrate, 135. 

The ether insoluble residue was extracted with ethanol and 
crystallization by the procedure described before gave 50 mg of 
erythro-N-[ 2-(3-iodo-4 ,4-dimethyl)pentyl ]pyridinium nitrate, 137. 
m.p. 121-124°. 

Addition of Iodonium Nitrate to 3-Allyl-1,1-diethyl-2-thiourea in 
Chloroform-Pyridine. 

To a stirred solution of iodonium nitrate (0.02 mol) in 40 
ml of chloroform and 15 ml of pyridine was added 3.49 g (0.02 mol) 
of 3-allyl-1,1-diethyl-2-thiourea all at once. An exothermic reaction 
took place and the color changed to dark brown. The mixture was 
stirred at room temperature for 3 h, then poured into an excess of 
ether and chilled. The resulting residue was collected, washed 
several times with ether and extracted with cold methanol, filtered 


and reprecipitated with ether. The residue was chromatographed on 
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100 g of silica gel and eluted with benzene-methanol (85:15). Evapor- 

ation of the eluate gave an oily residue (3.3 g) which solidified slowly 

on standing to give 2-diethylamino-5-iodomethyl-2-thiazoline , 3° 
Anal. eGalcd sifor C,H, 5N,SI (Mol. Wt. 298.0001). 

Found: (298.0003, mass spectrum). 


phen mt sespectrum: (CD3)5SO: 1.03 (t, 6H, 


Soms 
2 CH,3-CH,-, Ja6 25) H2) 63 3-4. 60(m> 9H. -CH,-, -CH,I, 2 -N-CH,-, 
-CH-). 

The i.r. spectrum: ) | (CHCl;): 1597-1625 (-C=N-). 
Addition of Iodine Azide to Cyclohex-2-en-1l-ol. 

This reaction was carried out by the procedure of Hassner 
and co-workers. fie Thus the reaction of 3.92 g (0.04 mol) of cyclo- 
hex-2-en-1-ol with iodine azide generated from 5.2 g (0.08 mol) of 
sodium azide and 9.8 g (0.06 mol) of iodine monochloride in 70 ml 
of anhydrous acetonitrile at 0° for 24 h and work-up by the usual 
procedure gave 9.2 g( 86% ) of 3-hydroxy-2-iodo-1-azidocyclo- 
hexane, 142, as a dark brown oil. 

ihensim srs spectrum: od TMS (CDC1,): L=2)05nan., sor. 

3 -CH,-); 2.85 (Selb oO) 0 (are 2 poe i=Ori. -CH-N,); 


473 (de) He - CHI), y J; a0 75 zed 


1.2 2,3°¢°9 plea) he 


Thesyi.n. spectrum: jee (liquid film); 3425 cm~! 
(-OH); 2100 cm7} (-N3). 
Addition of Iodine Monochloride to Cyclohex-2-en-1-ol. 

To a stirred solution of 8.1 g (0.05 mol) of iodine mono- 
chloride in 60 ml of anhydrous acetonitrile at 0° was added a solution 
of 3.92 g (0.04 mol) of cyclohex-2-en-1-o0l in 10 ml of anhydrous 


acetonitrile and the mixture stirred at 0-5° for 24h. The solution 
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was added to 50 ml of saturated sodium bisulfite solution and the 
mixture extracted with 50 ml of ether. Removal of the solvent 


in vacuo after drying (MgSO,) gave 9.49 ( 90%) of the adduct as a 


ce 


dark brown oil: 


ction res pectnuni. = Or nic (CDC1,): lite aN Sl 9 WAL A Ge 
3 -CH,-, -OH); 3.2-3.8 (m, 3H, -CH-I, -CH-Cl, -CH-OH). 

hewmen. spectrum: ipa (liquid film): 3420 em! (-OH). 
Cyclopent-2-en-1-ol. 

This compound was prepared by addition of hydrogen 
chloride to cyclopentadiene followed by hydrolysis of the eyelopert. 2 - 
en-1l-yl chloride with aqueous sodium bicarbonate according to a 
literature procedure. b.p. 24-25°/0.65 mm (lit., b.p. 52°/12 fim)?! 
Cyclohept-2-en-1l-ol. 

Cycloheptene was brominated with N-bromosuccinimide in 
refluxing carbon tetrachloride in the presence of a trace of benzoyl 
peroxide to cyclohept-2-en-l-yl bromide. Yield 48%. b.p. 31°/0.1 
mm. (lit., b.p. 59°/5.2 aan 

Hydrolysis of cyclohept-2-en-lyl bromide with 10% sodium 
hydroxide gave cyclohept-2-en-l-ol. Yield 89%. b.p. 43-44°/0.05 
rami (lite » De pe 72°/7mm)! "©, 

Cyclooct-2-en-l-ol. 

This compound was prepared by bromination of cyclooctene 
with N-bromosuccinimide followed by hydrolysis of the 3-bromocyclo- 
octene with 10% sodium hydroxide. b.p. 46-47°/0.05 rye (Lite 
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Treatment of Cyclohept-2-en-1-ol-Iodonium Nitrate Adducts with 
Potassium Hydroxide in Ether. 

A solutvongor 2.5 9 (8.3 mmol) of the adducts in 50 ml of 
ether was stirred with 0.6 g of powdered potassium hydroxide for 3 h. 
Work-up according to the procedure described before gave 1 g of cyclo- 


hept-2-en-]l-one and a small amount of 2 ,3-epoxycyclohept-1 -yl 


nitrate 146. Separation was achieved by chromatography on florisil 
rw 
and elution with benzene-hexane (50:50). Evaporation of the first 


fraction gave the epoxy-nitrate. 
Then.m.r. spectrum : roe TMS (COGIs ): 640.8 21.,5.(m ; 
SHeet -CH,-)5.(3.2,(m,.2H, 2 --CH-0);,.5.25(m, 1H), -~CH-ONO,). 


The i.r. spectrum:  )/ (CHG 1630 cme $e51 270 
max 


3) 
PM IGNO “\cd 1.310459 00cm (cme axe ag 

2 yc anne 

Evaporation of the second fraction gave cyclohept-2-en-]- 
one, which was identical with an authentic sample. 
Para-Nitrobenzoylation of 3-Hydroxy-2-iodo-cycloheptyl Nitrate. 

To a solution of 2 g (6.63 mmol) of adducts 143 and 144 and 
0.79 g (0.01 mol) of pyridine in 30 ml of anhydrous benzene was added 
a solution of 1.245 g (0.00663 mol) of para-nitrobenzoyl chloride in 
10 ml of benzene dropwise and the mixture stirred for 3h. Work-up 
by the usual procedure gave an oil which was crystallized from benzene- 
hexane to afford 1.5 g (50%) of 3-(para)-nitrobenzoyloxy-2-iodo-cyclo- 
heptyl nitrate, 145. m.p. 103-104°. 


Anal. Calcd. for C,4H N ,O7!: Cres ie saree, 95, Ne, 


15 
Gee Pee iound. «Ges tA (CH eli NE O25, 
The n.m.r. spectrum: Spyg (CDC13): 1.7-2.5 (m, 


8H, 4 -CH,-); arte 1) -GH-li glace > Hz; GO, oeriz)s 4. 960m, 1H; 
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@eGH-©)7—5~5-(m>-1H- -CH-ONO,); 8.27 (m, 4H, aromatic hydrogens). 

Phesivrseapectrum: Yi (CHC1,): 1730 cm7! ey Gl Oo}. 
1640 (-ONO.) TOU (-NO,). 

Treatment of 3-Hydroxy-2-iodocyclooctyl Nitrate with Potassium 
Hydroxide in Ether. 

To a solution of 2 g (6.35 mmol) of 3-hydroxy-2-iodocyclo- 
octyl nitrate in 50 ml of ether was added 0.56 g (0.01 mol) of powdered 
potassium hydroxide. The mixture was stirred at room temperature 
for 3h. Work-up by the usual procedure gave 1 g (84%) of 2 ,3-epoxy- 
cyclooctyl nitrate, 149. Purification was achieved by chromato- 
graphy on florisil and elution with benzene -hexane (50:50). 

The n.m.r. spectrum: $-7us (CDC1,): Pere2ea (ny, 10H, 
5 -CH,-); 2.88 (q, 1H, H>); 3.08 (t, IH, H?, J=4Hz); 5.63 (sextet 
1H’, -CH-ONO>), J=5 Hz, 3.33 Hz). 


: -] 
pierre don (CHC1,): 1640 cm “ (ONO,), 


f80'cm Cpe Th 


The mass spectrum: m/e, 141 (M-NO,); 125 (M-ONO,). 
General Procedure for the Reaction of Iodonium Nitrate with Stereo- 
isomeric Alkenes. 

Representative examples of additions to (E)-(Z) pairs of 
alkenes leading predominantly to iodoalkyl nitrate esters and iodo- 
pyridinium nitrate salts respectively are given. Thereafter the 


results are summarized in Tables 31-34. 
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Addition of Iodonium Nitrate to (E)-4,4-Dimethylpent-2-ene in the 
Presence of Pyridine. 

The reaction was carried out by the general procedure 
described before. Thus the reaction of iodonium nitrate (0.04 mol) 
in 80 ml of chloroform and 25 ml of pyridine with 3.925 g (0.04 mol) 
of 4,4-dimethylpent-2-ene and work-up by the usual procedure 
gave 8.7 g (76%) of erythro-3-iodo-4 ,4-dimethylpent-2-yl nitrate, 

135. Purification was effected by distillation under reduced pressure. 
Pa 52 50m 24 ram 

Anal. Caled. for C7H,;4NO3I: C, 29.27; H, 4.88; N, 4.88. 
Found: CC, 28.92;' H,14.90; N, 4.88. 

The n.m.r...spectrum: Sts (CDC1,): le 22n( 5° 9H, 
-C(CH3)3); 1.52 (d, 3H, CH3-CH-ONO2, J=6.2 Hz); 4.42 (d, 1H, 
-CH-I, JCHI-CHONO? =aagpetiz,); 4.8 (octetyilH)i=CH-ONO>% 
JCH3-CH-ONO> sO Cab zee JCHI-CHONO> ch (Ag Tea CA 

Dhesi. ways pectrum: Vole (liquid film). ot6259 1270 cm} 
(-ONO,). 

The ether insoluble residue after washing several times with 
ether was crystallized from ethanol-isopropanol-ether by the method 
described before to afford 0.7 g (4.8%) of erythro-N-[ 2-(3-iodo-4 ,4- 
dimethyl)pentyl] pyridinium nitrate, 137. m.p. 120-123°. 

| Analt™ Galcdzcfor C)2Hj9N203l: G 2698 352) F.5h9 
ound: Ce 3936 tall peo 4007 

The n.m.r. spectrum: S$ pygl(CD3),S0I: 12. (sie9 HF), 

-C(CH3)3); 1.74 (d, 3H, -CH 


J Sothtebap Sister le Gea 


+ 
3’ “CH3-CH-NZ 
+ 

Chie GH «17, -CH-N=); 8.2-9.3 (m, 5H, pyridine hydrogens). 


The i.r. spectrum: Vee (KBr disc): 1620 cm7! (ONO, °). 
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Addition of Iodonium Nitrate to(Z)-4 ,4- Dimethylpent-2-ene in the 
Presence of Pyridine. 

The reaction of iodonium nitrate (0.04 mol) in 80 ml of 
chloroform and 25 ml of pyridine with 3.925 g (0.04 mol) of (Z)-4 ,4- 
dimethylpent-2-ene and work-up by the usual procedure gave 10.59 g 


(91.5%) of threo-3-iodo-4 ,4-dimethylpent-2-yl nitrate, 156. b.p. 
52-53°/3 mm. 


Anal. Calcd. for C7H, 4NOgl: Coe ee. (iat. OGL IN, 4.00, 


Pigunciee ge 2 9 OZ et 4 GO: Ne 4 88 

The n.m.r. spectrum: 6 TMS (CDCiz): 1.19 (s, 9H, 
-C(CH3)3); 1.53 (d, 3H, -CH3, ICH -CH-ONO, eG biz) 03299) (d), 
IH, -CH-I, Jouy_cH-ONO27!-5 Hz)i 4.93 (octet, 1H, -CH-ONOp, 
Jout-CH-ONO,7!+5 H2» Jou, -cH-ONO, *6-15 Hz). 

The i.r. spectrum: Dee ee (liquid film): bo25,.1270 
age (-ONO>). 

From the ether insoluble residue was isolated 0.8 g (5.46%) 
of threo-N -[2-(3-iodo-4 ,4-dimethyl) pentyl ] pyridinium nitrate, 157. 
ni. Eee 

AnaslenGalcdmtOmC 17H TON20O31:)  Gr50 35; Hs ool o. 
Moun mee Cet (lO; tino, 20. 

then,m.r. spectrum: | cae een isso.T) leel7ater Ory 
-C(CH3)3); 1.87 (4, 3H, -CH3, Jou, oy tie 76-5 He) 4.9-5.4 (m, 


7M 3 nk OF oe CON Be -CH-NZ); 8.3-9.4 (m, 5H, pyridine hydrogens). 
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The i.r. spectrum: Yawn, (KBr disc): 1620 cm7! (ONO, ). 
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Zinc-Copper Couple Reduction of Erythro-3-Iodo-4 ,4-dimethylpent - 
é-yl Nitrate, 135. 

The reaction was carried out by the general procedure 
described before. Thus reduction of 16.5 g (0.0575 mol) of erythro- 
3-iodo-4 ,4-dimethylpent-2-yl nitrate with 14.3 g of zinc-copper couple 
in 230 ml of glacial acetic acid at room temperature for 24 h and work- 


up by the usual procedure gave 4 g (29%) of erythro-3-iodo-4 ,4-. 


dimethylpentan-2-o0l, 136. Purification was effected by chromatography 
on 120 g of neutral alumina and elution with pentane containing 4% 
(v/v) of methanol. m.p. 59-60°. 


The n.m.r. spectrum: omMs (CDCl,): 1.15 (s, 9H, 


-C(CH,) ieee A (eh yuco hs & -CH3, af =OstiZ) api 91(S.,014 e-Orl); 


gy CH3-CH-OH 
3.11 (octet, IH, -CH-OH, Jou. cy-on*6H2» Jcui-cH-oH*2-9 Hz); 


Brood, lid, -~CH-1,.J 22.9 Hz). 


CHI-CH-OH 
The i.r. spectrum: V___., (CHCl): 3540 cm! (-OH). 
Preparation of E-2 ,3-Epoxy-4,4-dimethylpentane from Erythro-3- 
Iodo-4 ,4-dimethylpentan-2-o0l, 136. 
To a stirred solution of 2.4 g (0.01 mol) of er thtee hi odes 
4 ,4-dimethylpentan-2-o0l in 80 ml of ether was added 0.85 g (0.015 mol) 
of powdered potassium hydroxide in small portions. The mixture 
was stirred at room temperature for 1S h, filtered, and the residue 
washed with a small amount of ether. The combined ether extracts 
were washed with 50 ml of water, dried (MgSO ,4) and the ether 
evaporated in vacuo at room temperature to afford 0.8 g (70%) of (H-2,3- 
epoxy -4 ,4-dimethylpentane, 158. Purification was effected by 


distillation under reduced pressure. The sample was identical in 


physical properties with the authentic epoxide prepared as follows. 
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Epoxidation of (E)-4,4-Dimethylpent-2-ene with m-Chloroperbenzoic 


Acid. 


A mixture of 6.6 g (80% pure, 0.03 mol) of meta-chloro- 
perbenzoic acid, 5 g of anhydrous sodium bicarbonate and 80 ml of 
methylene chloride was cooled in an ice-water bath. 2 g (0.02 mol) 
of (E)-4,4-dimethylpent -2-ene was added all at once and the mixture 
stirred atO° for 3h. The reaction mixture was kept in the refrigerator 
overnight, filtered, and the residue washed with a small amount of 
methylene chloride. The methylene chloride solution was washed 
with 40 ml portions of 10% potassium carbonate solution twice and 
then with 40 ml of water, dried (MgSO4) and the solvent evaporated 
in vacuo at room temperature to afford 2 g of(K)-2 ,3-epoxy-4 ,4-dimethyl- 
pentane, 158. Purification was effected by distillation. Yield (pure 
158) 1.5 g (68%). b.p. 102-103°/700 mm. 

Anal. Galccdeaion C7H, 40: (M-CH,3), 99.0810 . Found: 
(99.0811, mass spectrum). 

The n.m.r. spectrum: $us (CDCl): 0.90 (s, 9H, 
pC(CH2)>) a 1 25 (dots Cl... JGHyseH- OF Be! [peat Ace ad she ARs te 


-O-CH-C(CH3).,, vy AZ) eel Octet wel Ho -O-CH- CH 


-CH-CH- a 


25.1 Hz od EV ARTA VANE 


J_CH-CH, -CH-CH- 
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Zinc-Copper Couple Reduction of Threo-3-Iodo-4 ,4-dimethylpent-2-yl 
Nitrate, i156. 
Reduction of 12.1 g (0.04216 mol) of threo-3-iodo-4 ,4- 


dimethylpent-2-yl nitrate with 13.1 g of zinc-copper couple in 170 ml 


of glacial acetic acid and 100 ml of pentane at room temperature for 
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48 h and work-up by the procedure described before gave 4.2 g (41%) 


of threo-3-iodo-4 ,4-dimethylpentan-2-0l, 159. Purification was 


effected by chromatography on 120 g of neutral alumina and elution 
with pentane containing 4% (v/v) of methanol. The material was a 
low melting solid. 


he nmr spectrum: éoms (CDCl Leis Co SOT 


3): 
-C(CH3)3); 1.2 (d, overlapped by t-Bu, 3H, -CH3); 1.66 (s, 1H, -OH); 


Geeta, tye CUO) 4. lodtd, 1H, -CH-1, J cal lg ele FA ge: 


-CH-CH- 

The i.r. spectrum: V_.. (CHC13): 3430 cm@! (-OH). 
Preparation of (Z)-2 ,3-Epoxy-4 ,4-dimethylpentane , from Threo-3-Iodo- 
4 ,4-dimethylpentan-2-ol, 159. 

Treatment of threo-3-iodo-4 ,4-dimethylpentan-2-ol in ether 
with potassium hydroxide according to the conditions described for 158 
above gave a mixture of (Z)-2 ,3-epoxy-4 ,4-dimethylpentane, 160 and a 
ketonic fraction. Combined yield, 0.5 g (44%). The epoxide was 
identical with an authentic sample (see below). The ketone was shown 
to be 4,4-dimethylpentan-2-one by comparison of its n.m.r. andi.r. 
spectra and g.c. retention time with those of an authentic sample. 
Epoxidation of (Z)-4 ,4-Dimethylpent-2-ene with m-Chloroperbenzoic 

An authentic sample of (Z)-2 ,3-epoxy-4,4-dimethylpentane, 
160 was prepared from (Z)-4 ,4-dimethylpent-2-ene by treatment with 
m-chloroperbenzoic acid according to the conditions described above 
for 158. Distillation gave the pure epoxy compound (68% yield). 
b.p. 110-111.5°/700 mm. 

Anal. Calcd. for C7H) 40: (M-CH3), 99.0810 . 


Found: (99.0811, mass spectrum). 
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-C(CH3)3); 1.43 (d, 3H, -CH3, J =5.7 Hz); 2.6 (d, 1H, 


CH3rGH-O 7 5 
-O-CH-C(CH3)3, J_oy_cy_=4-5 Hz); 2.97 (octet, 1H, -O-CH-CH,, 
J.CH-CH3*>-7 riz J-CH-CH-=4. 5 Hz). 


Theis) spectrum: oi bre (liquid film): 1260, 900 cm! 
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General Procedure for the Addition of Iodonium Nitrate to But-2-enes 
in the Presence of Pyridine. 

A solution of iodonium nitrate (0.08 mol) in 150 m1 of 
chloroform and 50 ml of pyridine was cooled in an ice-water bath. 
But-2-ene gas was passed through the stirred solution in a slow stream 
for 15 h. The mixture was stirred at 0° for an additional ey h and 
then worked up by the usual procedure. 

The analytical and spectral data for the iodonitrate esters 
and iodopyridinium salts are included in Tables 31-34. 

Base Catalyzed Elimination of Hydrogen lodide from Erythro-N-[ 2-(3- 
Iodobutyl)] pyridinium Nitrate, 164. 

14 g (0.0432 mol) of erythro-N-[ 2-(3-iodobutyl) ]pyridinium 
nitrate was dissolved in 70 ml of methanol and 3 g (0.0555 mol) of 
sodium methoxide added. The mixture was stirred at 50° for 20 he 
cooled and the precipitated salts were collected. The filtrate was 


poured into an excess of ether, chilled and the resulting precipitate 


collected. Recrystallization from ethanol-isopropanol-ether gave 9.5 


g (84%) of (}-N-[ 2-(2-butenyl) ]pyridinium iodide, 165. m.p. 138-139°. 


Anal. Calcd. for CgH, 2NI: G43 8H 400;, N7,55.56. 
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hein. res pectrurm: STS C(CD3),SO]: ear, 
3H, CH3-CH , Joy,-cy=*7-3 Hz; Jou,-c=C-CH3 71-3 Hz); 2.36 
"+ 
(quint, 3H, CHz-C-N&, Jou; -C=C-CH,* JCH=C-CH3*1.3 IgA eh ie 


fectet)  1Ti,.CH,-CH— 


3 5 IcH=Gr CHa Piz 1GHe GH o> Hz); 


8.2-9.33 (m, 5H, pyridine hydrogens). 
Base Catalyzed Elimination of Hydrogen Iodide from Threo-N-[2-(3- 
lodobutyl) Jpyridinium Nitrate, 168. 

Treatment of threo-N-[ 2-(3-iodobutyl) ]pyridinium nitrate 
with a slight excess of sodium methoxide in refluxing methanol for 48 h 
and work-up by the method described above afforded (Q-N-L 2 -(2- 
butenyl) Jpyridinium iodide, 169. Yield 87%. m.p. 182-184°. 

Anal. Calcd. for CgH) 2NI: Corso S eH 64.60% N 35.36. 
Pounds .459. 2c (lt, eo NN ,. 52.14, 

The n.m.r. spectrum: 5 pug [(CD3),50]: He. 4 7a 2c), 


Sr CH,-GH! 9,1J =1.7 Hz, Joy,-cH==7 Hz); 2.38 


CH3-C=C-CH3 
e Le os - 

(quint , Shel Gia CaN SCH, SOC ie 4 JCGH3-C=G-GH,-! ./ Ez); 

ee Coie GrigkGri—g! fitedCH,.C=CH= 51.5 Ha) 8-2- 

9.15 (m, 5H, pyridine hydrogens). 


Determination of Ratio of Threo-N-[ 2-(3-Iodopentyl) ] and Threo-N- 


[3-(2-Iodopentyl) ]pyridinium Nitrates , 26 and 27. 

A mixture of 7 g (0.0207 mol) of the isomeric iodopyridin- 
ium nitrates, 26 and 27, 1.8 g (0.033 mol) of sodium methoxide and 
50 ml of methanol was refluxed for 48h. Work-up by the method 
described above gave 3.5 g (61.5%) of(Z)-N-[ 2-(2-pentenyl)] and (Z)-N- 
[3-(2-pentenyl) ] pyridinium iodides, 172 and 173 respectively. 
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Anal. Calcd. for CioH 4Ni: C, 43.64; H, 5.09; N, 5.09. 
POUT Comet GH a4 fe welt ead 7 iN 5] 27 
Then.m.r. spectrum: 


[(CD,),SO]: 0.98 (q, 3H, 


éoms 3)2 
CH3-CH,-, J=7.5 Hz); 1.44 (d, further split by long range coupling, 
0.81 H, CH3-CH=-, JCH3-CH= =(-iz) sey. (2 (\quint, b. 40H, -CH5-CH? , 
UGH, -CH,-“"-CH,-CH="!"° Hz); 2.34 (s, further gaits long range 
coupling, 2.19H, CH3-C-NZ); 2.68 (m, 0.54H, -CH, -C-NZ); 6.04 (m, 
1H, -CH=); 8.25-9.3 (m, 5H, pyridine hydrogens). 

Proof of Regiochemistry of Addition of Iodonium Nitrate to (E}-3-Methyl- 
pent-2-ene by Base Catalyzed Elimination of Hydrogen Iodide from 
Threo-N-[ 3-(2-Iodo-3-methyl)pentyl ] pyridinium Nitrate, 195. 

A mixture of 1.6 g (4.5 mmol) of threo-N-[ 3-(2-iodo-3- 
methyl)pentyl ]pyridnium nitrate, 1 g (0.019 mol) of sodium methoxide 
and 40 m1 of methanol was refluxed for 48 h, cooled, poured into an 
excess of ether and chilled. The resulting precipitate was collected 
and recrystallization from ethanol-ether gave 0.5 g (38%) of N-[ 3- 
(3-methyl)pent-1-enyl ]pyridinium iodide, 196. m.p. Toone 

The n.m.r. spectrum: Sqpygl(CD3)2SO0]: 0.75 (t, 3H, 


l + 
CH,-CH,", Jews Sulz)) 1.87 (3, 3H, CH,-C-N%); Zee (ane2ue 


o) Za 
-CH,-CH,, J=7.5 Hz); 5.37-5.70 (au.ZH., CH,); 6.1-6.57 (q, 1H, 
-CH ); 8.1-9.31 (m, 5H, pyridine hydrogens). 

Base Catalyzed Elimination of Hydrogen Iodide from Erythro and Threo- 
N-(1-(2-Iodo-1 ,2-diphenyl)ethyl] pyridinium Nitrates. 

The iodopyridinium nitrate was stirred with an excess of 
potassium carbonate in water overnight. The resulting yellow 


precipitate was collected, washed several times with water and finally 


with a small amount of ice-cold acetone. Recrystallization from 
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acetone gave pure N-(1 ,2-diphenylethenyl)pyridinium iodide as yellow 
needles. 

The analytical data for the(Z) and(E)isomers thus prepared 
are included in Table 32. 

(Z) 8 -Deuterostyrene. 

This olefin was prepared by the method of Hassner and 
co-workers. It contained > 95% D (by n.m.r. and mass spectro- 
scopy). 

Addition of Iodonium Nitrate to(Z) -B-Deuterostyrene in the Presence of 
Hyxidine. 

To a solution of iodonium nitrate (0.02 mol) in 30 ml of 
chloroform and 12.5 ml of pyridine was added 2. 1 g (0.02 mol) of 
(Z)-8 -deuterostyrene all at once. The mixture was stirred at room 
temperature for 35 h and then poured into a mixture of water and ether. 
Work-up of the ethereal layer by the method described before gave a 
trace of threo-2-deutero-2-iodo-1-phenylethyl nitrate, 206. 

The n.m.r. spectrum: 6 pyg(CDCls): 3.47 (d, further 


split by H-D coupling, 1H, -CH-D, J = 8 0tz,)s 95.9 3e( dis He 


CH-CH-D 


= ; 7.4(m, 5H, ; 
Tenteup 8 Hz); 7.4(m, 5H, Ph) 


-CH-ONO,, ‘ 
The aqueous solution was treated with 4 g of solid potassium 

carbonate and extracted several times with ether, and the ether discarded. 
The solution was adjusted to pH=7 with dilute nitric acid and evaporated 
to dryness in vacuo. Extraction of the residue with ethanol and crystal- 
lization by the usual procedure gave 2.0 g (32%) of (Z)-N-[ 1-(2-deutero- 
1-phenyl)ethenyl ] pyridinium iodide, 208. 
The n.m.r. spectrum: § TMS E(GDA95 SO) cep043 ols, hE, 


H 
or )s..7.45 (m,,, 5H, Ph); .8.17-9..27, (m,.5H,: pyridine, hydrogens). 
D 


S 
a | 
Istynedg )- otpg ove 
fis lysrecdath- ij- 44 Stby oveg 
. \ oper 
4) 
j 
, 
‘ ‘ oe t r 
’ ipay ro) 65 1454 is OHA 
eet t 4a *T . iy 
eldeT at bebul ant 24 
* i.” 
One tyIug ts 91090 
auiihied me tenn Be tamentenn = 2 one tl 
' ee oe ee 
| sceatd 26 MISio afn 
o J “ ‘ . ’ 
Ms 4 J * be 
t 
¢ 4 f.. « 
1 = ' t bol 
4 —— 
4 
P “ oe 
3 pin) i ‘ . Od 
« ‘ 
\ 
‘ b. , awe 
~ vi a i 2 fie 
~2 =< 5 
4 L ei OF 
5 
- 
‘ aye ) o “« of 9 
Pi * 
: 4 
: 1 - 4 
{ 4 12 t - 138 one 
i act = of 
~* ’ 4a » - - 
: “ i A - ~- - re tomes ~ ciaieniel 
3 
pe i pF ; < Tek $f A. 
‘ ted re i . Ske THOS MA 
— be 
j . ¢ 
‘. ‘ 
-_ —* a i 
. on 
e, 9% 
sn _ f * . ~ 6 4 - i he 
‘= 4 ‘ ri * 
COPiBeRLIOT BLLO8 to g 3 i S3uILC HOosvups SCA 4 


i 


/babaevadh sertte ocl2 ome , tedte dtiw asm tareven bats 36 12K9 onsen iodts4 
- |Z 7 7 . y en fs 
Toyectos’ aan os beteuthe nsw | 26 


= 
-— 
- 
é 
. 
a 

t 
a 
~ 
5 


202 


General Procedure for the Addition of Bromonium Nitrate to 
Unsaturated Substrates. 

Silver nitrate, 6.8 g (0.04 mol) was dissolved in a mixture 
of 30 ml of chloroform and 15 ml of reagent grade pyridine. The 
solution was cooled in an ice-water bath and bromine, 6.4 g (0.04 mol), 
in 15 ml of chloroform, was added dropwise to the stirred solution. 
The silver bromide produced was collected and washed with a mixture 
of 10 ml of chloroform and 10 ml of pyridine. To the clear light 
yellow filtrate at Om, 0.04 mol of the olefin was added all at once. The 
mixture was stirred at 0° for 3-4 h and then poured into an excess of 
etner and chilled. |The resulting oil or precipitate was collected and 
enceetiet solutionsconcentrated in vacuo. 4 [he residual oi] was extract- 
ed with ether , washed with 50 ml of cold 5% hydrochloric acid and then 
with 50 ml of water. Concentration of the solution, after drying 
(MgsO,) , in vacuo gave the bromonitrate ester, which was purified by 
distillation under reduced pressure. 

mherether ansoluble residue, after washing several times 
with ether , was extracted with ethanol and filtered. Crystallization 
was effected by the addition of ether. The product thus obtained is the 
bromopyridinium nitrate. 

In a few instances, addition of the reaction mixtureto ether 
did not give any oil or precipitate. In those cases, the solution was 
concentrated in vacuo and the resulting oil extracted several times with 
ether. After that work-up was accomplished by the procedure describ- 
ed before. 

The analytical and spectral data for the bromonitrate esters 


and bromopyridinium nitrate salts thus obtained are summarized in 
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Tables 35-38. 
Addition of Bromonium Nitrate to 2 ,3-Dimethyl-1 ,3-butadiene in the 
Presence of Pyridine at Onn 

The reaction was carried out by the general procedure 
discussedabove. Work-up of the reaction mixture was accomplished 
by the method described for the addition of iodonium nitrate to the same 
olefin. 

Reaction of 4-Bromo-2 ,3-dimethylbut-2-en-1l-yl Nitrate, 245 with 
Pyridine in Chloroform. 

A mixture of 0.224 g (1 mmol) of 4-bromo-2 ,3-dimethyl- 
but-2-en-l-yl nitrate, 2 ml of pyridine and 10 ml of chloroform was 
allowed to stand overnight. Ether was added to the reaction mixture 
ana tne resulting precipitate collected.-~-Recrystallization from 
methanol-ether gave the dipyridinium salt, 241 in almost quantitative 
wield. 

Reaction of 5-Bromohex-3-en-2-yl Nitrate , 246 with Pyridine in 
Chloroform. 

The reaction was carried out by the procedure described 
above for Zao Thus reaction of 0.224 g (1 mmol) of 5-bromo-hex-3- 
en-2-yl nitrate with 2 ml of pyridine in 10 ml of chloroform gave the 
dipyridinium salt, 244 as an oil in almost quantitative yield. 

Procedure for the Reaction of Bromonium Nitrate with Phenylacetylene. 

The procedure was the same as that used for the reaction of 
iodonium nitrate with terminal alkynes. $-Bromophenylacetylene was 


‘ 193 
obtained in 63% yield. b.p. 30.5°/0.07 mm. (lit., 84-85°/10 mm) , : 
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Procedure for the Reaction of Bromonium Nitrate with Pent-4-en-1-ol 
in Chloroform-Pyridine. 

The reaction was performed by the general procedure 
describe above. Separation of the cyclic ether and hydroxy-bromo- 
nitrate esters was accomplished by chromatography on florisil and 
elution with petroleum ether-chloroform (9:1) and then with chloroform - 
methanol (9:1). Evaporation of the first fraction gave 0.65 g (20%) of 
2-bromomethyltetrahydrofuran, 267. 

Phenom, Go Spectium: ry ve (CDGl>):eel% 65-2 3, (ro, 


at 
>Br, Je5ehiz 46.5.7) 3,.5-453 (m, 


Ort 24 Ol) 39 55 40 (t 5.2 yeCH 
2H, -CH,-0, -CH-O). 

Evaporation of the second eatin gave a mixture of 
hydroxy-bromonitrate esters, 265 and 266. Yield 29%. 

From the ether insoluble residue was isolated by the usual 
procedure a mixture of bromopyridinium salts, 268 and 269. Yield 
20%. 

Mp7 Lraphenylprepenée.. 

This compound was prepared according to Scheme 10, by 
reported procedures. m.p. B0eC 1 ahlit sum.Ds 80-81°). 

Reaction of Bromonium Nitrate with 3 ,3 ,3-Triphenylpropene in Chloro- 
form-Pyridine. 

The reaction was carried out by the general procedure 
described above. No bromonitrate ester was isolated. Crystallization 
of the ether insoluble residue from ethanol-ether gave a mixture of 


compound, 272 and pyridinium bromide (yield 3275 g)s sPurification 


was effected as follows: 
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A mixture of 1 g of the crude reaction product, 1 g of 
potassium carbonate and 25 ml of water was heated on a steam bath 
to about 50° whereupon dissolution occurred. On cooling a solid 
separated, which was collected. Recrystallization from methanol- 
ether gave 0.6 g of pure N-[_1-(2 ,3 ,3-triphenyl)prop-2-enyl ] pyridinium 
nitrate, 272. m.p. 211-212°. 

Anal. Calcd. for Co ¢H5>N 03: Ce TOs denell® Oe e 
bese, Bound: C,°75.717-H, 5.40: ‘N, 6.75. 

The n.m.r. spectrum: § pusl(CD,),SO]: &. (2alsh 
2H -CH,-); 7-7.64 (m, 15H, 3Ph); 7.9-9.17(m, 5H, pyridine 
hydrogens). 

The melting point andn.m.r. spectrum were identical to 
those of an authentic sample synthesized as follows: 

Synthesis of N-L 1-(2,3 ,3-Triphenyl)prop-2-enyl] pyridinium Nitrate, 
272. 

To a solution of 0.64 g (2.37 mmol) of 3 ,3 ,3-triphenyl- 
propene in 15 ml of carbon tetrachloride was added a solution of 0.3972 
g (2.37 mmol) of bromine in 5 ml of carbon tetrachloride and the 
mixture allowed to standfor 48h. The solvent was removed in vacuo 
and the residual solid taken up in 20 ml of carbon tetrachloride. To 
the solution 1 ml of pyridine was added and the mixture allowed to 
stand for 3 h. The precipitated solid was collected and taken up in 
50 ml of hot water. Addition of a few drops of concentrated nitric 
acid and cooling gave a precipitate , which was collected. Recrystal- 
lization from methanol-ether gave 0.7 g (72%) of N-[1-(2 ,3 ,3-tri- 


phenyl)prop-2-enyl ]pyridinium nitrate, 272. 
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Addition of Bromonium Nitrate to(Z)-A-Deuterostyrene in Chloroform- 
Pyridine. 

The reaction was carried out by the general procedure 
discussed before. Thus reaction of 3.78 g (0.036 mol) of (Z) -A - 
deuterostyrene with bromonium nitrate (0.04 mol) in 60 ml of chloro- 
form and 25 ml of pyridine at 0° for 3h and work-up by the usual 


procedure gave 4.5 g (46%) of threo-2-deutero-2-bromo-1 -phenylethyl 


nitrate, 288. 
The n.m.r. spectrum: Sms (CDC1,): 3.62 (d, further 
split by H-D-coupling, 1H, -CHD-Br, JcH-cHp7":5 H7)2716203(d_ 1H, 


-CH-ONO,, J Smallz serous (ie, oie, Eh). 


CH-CH-D 


The i.r. spectrum: Yat (icuigetile) ce ROS 0). 22:05 cm} 


(-ONO,). 


From the ether insoluble residue and by the procedure 
described for the addition of iodonium nitrate to (Z)-2 -deuterostyrene 
was isolated 2.5 g (26.5%) of (Z)-N-[1-(2-deutero-1-phenyl)ethenyl] ] - 
pyridinium bromide, 289. 

The n.m.r. spectrum: $.-us [(\cp,),so]: 62437 (S.altp, 


H 
ere ); 7.45 (m, 5H, Ph); 8.17-9.27 (m,. 5H, pyridine hydrogens). 
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